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EQUILATERAL AND EQUIANGULAR POLYGONS 
IN SPACE 
By 

Prai K R CUNJDCAR. 

Royal Insttiute 0 / Scttnot, Bombay 

1 Apart from its general mathematical interest, the problem of 
the existence and construction of equilateral and equiangular polygons 
m space is of particular interest to the Organic Chemist as it throws 
light on the structure of closed ring compounds of carbon Sachse' 
seems to have tackled it first in 1890 and has obtained valuable 
results, as also Mohr,* Derx,* Wightman* and other chemists, but no 
systematic mathematical treatment appears to have been given until 
1929, when Brodetsky* discussed the question m some detail. The 
method used by him, however, is somewhat indirect and the discussion 
of the hexagon is incomplete The following treatment is both 
simpler and more direct and does not require any mathematical 
equipment beyond elementary trigonometry and geometry The 
different possibihties for the hexagon are discussed more thoroughly and 
results not noticed by Brodetsky are obtained A purely geometrical 
explanation for the existence of the flexible hexagon is also given 
and is, of course, more satisfactory than the analytical discussion. 

A simple method for constructing models to illustrate the results 
IS also described. 

2 The problem is to construct eqmlateral and equiangular 
polygons, which are not necessarily plane. In all cases we shall take 
each side of the polygon to be of length a, and each angle of the 
polygon to be ir~0,so that each extenor angle is 9 (given). Then 
A, B, C, D, . being consecutive vertices, the lines AC. BD, CE, 

Q 

, . . joining alternate vertices are each of length 2a cos- Again 

2 

the perpendicular from any vertex (e g B) on the Ime jo ining the 

two adjacent vertices ( 1 . e. AC) is of constant length, viz. a sin^ 

2 

0 0 

. Let a cos--'" b and a sm 't—c. The diagonal joining any 


(fig. 1) 
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Fix ACE first and lot L, M, N be tha midpoinU of the sides 
CE, EA and AC respectively Then DL ■■ FM “ BN o — 

a sin and they are perpendicular to CE, EA and AC respectivdyi 

(fig 5) Let a, If be the angles made by LD, MF and NB with 
the plane ACE, » e. with the lines AL, CM and EN respectively, ^ 
angles being reckoned positive on one side of the plane and negative 
on the other We may then express the conditions that 
BD =■ DF - FB = 7h 

Let B^F* be the projections of B,F on the plane ACE. Then 
B'F” = OB'* + OF” - 2 OB'.OF' cos 120®. 

- (6/^/3 + c cos Y)* + (6 /n/3 + 0 cos P)* 

— 2 (6/'\/3 + c cos p) (6/'/3+c cos Y) (■“}) 
=s i»* + c* (cos* P + cos*t ) + 3bc (cos p + cos K) 

+ c* cos P cosT 

The projection of BF perpendicular to ACE — c ( sinp'^^sinT ). 
•*. BF* »» + (J- projection)* 

» 6* + 2c* + ^/3 iK? (cos P + cos T) 

+ c* (cos p cos T — 2 sm P sm T). 

But BF - 2h 
Therefore, 

%/3 6c (cos ^ + cos 1) 4* c* (cos ^ cos If — 2 sin /S sm If)-" 36*- 2c*, 

la the same way equating BD and DF to 26, we have 

>/3 6c (oos Y + cos a) + c* (cos Y cos a — 2 sin T sm a) * 36*— 2fl* 

an^ 

>/3 be (cos a + cos ^) + c* (cos a cos p — 2 sm a sm 0) "* 36* — 2c* 
We may write these as 

p (cos ^ + cos Y) + q (cos cos Y — 2 sin ^ sm T) ■■ 1 (1) 

p (cos Y 4- cos a) + q (cos Y cos a — 2 sm Y sin a) — 1 (2) 

p (cos a + cos ^) + (cos a cos ^ - 2 sm a sm ^) — 1. (3) 

where p"^ s/3 be I (3b* ^ 2c*) «■ s/ 3 sm ^ / (l + 5 cos (?), {a) 

and ! (36* — 2c*) (l — cos #) / (1 + 5 cos tf). (6) 

Note that p^ — 2q* + g. (c) 

The values of a, Y obtained from (l), (2), (3) will fix the hexa- 
gon required. 

The equations are obviously satisfied if a =■ *= Y, and 

2> cos a + g (cos*a — 2 sin*a) « 1 

— i v^6* 4“ fig* 4* 3g 
giving cos a— ^ ^ 

Jg 

— - ^/3 cot or (»)» (b) and(c). 
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6(1) If < 60", cot 9IZ > s/S and so both solutions ue inad- 
missible as they would give imaginary values for a. 

6(2) If $ ^ 60°, the second solution gives a real acute value 

for a, but the first one is inadmissible unless j cot Sl2 | ^ ~ t 

unless 9 ^ 120". 

6(3) 9 ^ 120", both values of cos a are admissible 
Thus if 9 lies between 60" and 120", there is one hexagon for 
each value of 9, with a ^ Y, and if ^^120" there are two such 
hexagons, [see figs. 6 (a) and 8, and further geometrical discussion m 
§9]. 



Fio 6 (a) & (b) 

7. To investigate the existence of hexagons for which a, Y are 
not all equal, we proceed as follows 

From equations (l) and (2). taking (a), (h), (c), into account wo 
obtain, 

cosjf sin Y 

sm a — sin 0~p sin {<i- /9) (q+lJ{cos a — cos fi) 

^ 1 

p (sin a— sm 0) + q sm 

Puttmg a B ^ 2x and a — ^ — 2y, these reduce to 

c os Y SID Y 

2 ein j? cos :t — 2 /p sm y cos — 2 (q + 1) sin ;t sin 51 

^ 1 

"" 2^ sm y cos Ji: + 2q sm y cos y 

sin y — 0 I e a ^ 0 or (4) 

^ __cos_Y si n Y ^ 1_ 

C034C — ^cosy'*-(q + l)sinje ^cosx+qcosy 


( 5 ) 
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FJimimtim Y ud winf («)« (IK (v) «• tam 

3g(« + 1) coi*# - g(ff+ 1) ooi^ + D cowt OQV ■* (ff + 1^ 

.* 9+1 *0» < 2 + 4om9-0/ « (S) 

or 

3q oot*« — q ooi'ar + ^OM 4 POOi 9 Biff+l 09 

Piittu]ga + ^ for 2iv aod a ~ ^ for tbit booaoMi 

oot(a + ^) + 1 cot(«- ^) + l J 

+p (oot a + oot^)Ma + l 

or p (oot a + 001 ^) + Q (oot aoottf‘-2iinaiiDtf)a«l 
n^ucfa It identical with eqnatKn (3) 

Thia M a sorpruuig and nnenpectad leanlt and meant that eiinai* 
tMBa (1), (2) and (3) are not all independent, bat redooe to only two 
independent eqaationa We may, theceforek aaaign any valoe ( witinn 
oertam linutt) to one ^ the antfea, Y tty, and we oan find aoilabb 
valnea of a. and fi to eatufy the required conditiona The polyffm to 
obtained le thne conbnnoiisly deformable^ havinff one degree of free 
dom, ootreepradiag to the oo-ordmate T 

To ooneider the hmita withm which Y may nuy, lot at atart with 
tha aymmetncal poaition m which a 

Eqaatwna (l) and ( 2 ) of (6 ahow that we may regard a, ^ at die 
roota ct the following eqoation m p 

^(ooa^ + ooa1f) + g(ooadcoaY ^ 2 am^amY) » 1 

If then the roota of thia equation ate equal, we find 
(^ ooa T 1)*- (f + 8 cot Y)* + 4 0 'ain*Y 

givmg 

COB Y— Vs oot 4 

q 2 

or cot Y ■ ^ 4 

ff (Stf + 1) Vi 2 

Naithar of theae 'valaea c oi nc i dea with thoae nhtamad for ooa Y 
( or ooa a ) m S6, which ahewa that the form obiainad tlMi% with 
a ^ Y It a diatinct form and oot a partionlar caaa of dm deform 
aUe pofygon, now obtained The form m 16 » therefore ngid tod 
aon>defoniiable Now oraaidaniig that 'valnea for Y moat ha raaK wa 
have 

eo. Y oot J deep <d< 120* 

v3 2 

and ooa Y-%/r cot| ifd> 12 CI” 
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In either cas^ it can be farther seen that when a and i9 ate pou 
tive Y IS negative [fig 6 (h)J 

From the symmetry of the figarei we can now dadnoo that any 
increase of a leads to a decrease of ^ and vice versa , the correspond 
ing valne of Y has therefore a turning value in this position Una 
gives therefore the limitSf within which Y (or a or must hey 

as ± cos I ^ cot J if d lies between 60® and 120", 

and ± cos"' (v'S cot ^)if d > 120* 

If we vary Y, starting from this extreme negative position, one of 
the angles, a say, increases and the other decreases When a reaches 
its mftTimnm positive value, P and Y become equal both beu« negative 
If Y mcreases still further, 0 continues to decrease and reaches its 
maximum negative value when Y becomes equal to a, both being posi 
tive , and so on 

8 We now consider equation (6) of S6 viz q + 1 » 0 or 
B — 120® If we substitute this value m equation (5) of $6, we 
obtain Y — 180®, a and B being perfectly arbitrary The figure then 
consists of two equilateral triangles ABC, DEF with A and D com 
eident and AB inclined at an angle of 60® with DE, the pfwih ong of 
the triangles being otherwise arbitrary There are thus two 
of freedom corresponding to the co ordinatee a and B 

9 We shall now obtain 
purely geometrical construe 
tarns for such hexagons, which 
give os an insight into thenr 
nature 

'‘s Let ABCD be a qnadnla 
teral having AB--BC*- CD 

P — a and AC — BD — 26 
Whether it is plane or skew. 
It can be easily seen that AB 
and CD make equal angles 
with AD Take next an 
^ exactly idenfacal quadnlateral 
> APED and superpose it on 
the first If we now rotate 
E AFED about the axis AD 

so as to make the angle 
BAF-180®-d,weahoald 
obtam the requited ivaagnpi^ 

Fio. 7 

B 
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provided angle CDE is also eqoal to 180^ $, That this is so 

can be seen from figare 7, for since AD and CD are equal and 
are equally indined to AD, BM ■■ CN ; therefore ^ BMF ■■ A CNS 
and L BAE — l CDE We have, therefore, that 9 being given, we 
can construct a hexagon for any angle ( within certain limits) between 
the planes ABC, ACD. In other words the hexagon is defonnatte 
without altering 9. 

For the construction 
of the rigid hexagons, we 
take a cyhnder whoso base 
arcumscribea the equilateral 
triangle BFD with side 
2 b If ® > 60®bnt < 120®, 
we obtain the hexagon 
A'BC'DE'F by taking points 
A^ C^ £' at a suitable height 
above the plane DFB on 
the generators diametrically 
opposite to D, F, B respec- 
tively. It9> 120®, however, 
we can get another hexagon 
ABCDEF by taking the 
points A,C,B at a suitable 
height on the generators 
through D,F,B respectively, 

(fig. 8). 

We can also attempt to construct the rigid hexagon by the 
method of the last paragraph. The two quadrilaterals ABCD, AFED 
are then equal but not snperposable , if ACD and AED are superpoeedt 
B and F lie on opposite sides of the plane. If AFED is now rotated 
through any angle, the arcs BF and CE cannot be equal if measnred 
m the same sense , but they may be equal if measured m oppoeite 
senses, if AFED is rotated through a suitable angle. For a particnlar 
value of 9, there are therefore only one or two values of the an^e 
between BCD and ABC which would give the requited type of fignre. 

10. Models to study the properties of these polygons can be very 
simply constructed by taking a number of equal rigid wires bent in the 
middle at the required angle. If the ends of these are passed through 
dose-Atting capillary tubes of suitable length, we can constrnct these 
polygons mechanically. Two such polygons are shown in plates I and 
11. 1 shows the rigid type of hexagon while II shows the flexible 
type. The diagonal triangles are shown by strings of diAurent colours. 

11. Polygons of more than six sides are not studied hero as the 
degrees of freedom increase rapidly with the number of sides. For 


a’ 
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tiane polygons (rf many sides, a reference may bo made to a poiwr 
by Drew m the Joomal of Chemistry and Indnstiy of 30th June 1933, 
In oonclosion, I have to thank Dr. T S. Wheeler for soggesting 
this investigation and Messrs. Dalai, Senior and Junior and Mr. 
Joglekar for help m making models and charts. I have also to thank 
Dr. S. Brodetsky for snpplying me with a repnnt of his paper. 
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THE REGULAR CONCAVE POLYHEDRA 
Ptoi P. K. KASHKAR. B1 A 
Wilson CoUeg/s, Bombay. 

A polyhedron is said to be concave, when the whole of it does not 
he on the same side of any face, and a cQnca\e polyhedron is said to 
be regular when all its bonnding polygons are congruent and regular, 
all the dihedral angles (along the edges) are equal, and all the poly* 
hedral angles have the same number of faces. 

Cauchy has proved in one of his papers — ^"Racherbhss snr lea 
polyedres" (Cauchy’s Papers, second senes, VoL I) that if such figures 
exist then the innermost polyhedron enclosed by the faces must be 
regular and convex ; and then by examining the five convex solids 
Cauchy proves that only four such figures exist. But the method used 
by Cauchy m this part of the mvestigation does not give a clear idea 
of the solid angles of these figures although it determines the form of 
the bounding polygons. The alternative method given m the present 
paper determines the number and form of the solid angles as well as 
of the bonnding polygons of each solid and thus gives some idea of the 
whole figure. 

Cauchy’s first result that the concave figures can be obtained 
from the five convex sobds by producing their faces until they meet in 
a pomt or a line will be assumed Also the following theorem which 
can be easily proved. 

Theorem If any concave polygon — ^plane or sphencal — which 
does not consist of two or more smaller interlacing polygons, has all its 
sides equal and also all its angles equal, then the vertices are 
symmetrically arraiged on the circumference of a circle and the inner* 
most figure enclosed by the sides is a regular convex polygon. With 
the help of this theorem it can be shown by the method of sphencal 
projection that if any polyhedral angle— convex or concave— has all 
Its plane angles equal and also all its dihedral angles equal then the 
faces touch a circular cone, the edges lie on another coaxial cur* 
cnlar cone, and the faces and the edges are symmetrically arranged 
round the axis. Such a polyhedral angle may be sidd to be regular 
and the axis of symmetry may be called the axis of the regular poly* 
hedral angle. 

It IS easy to see that all the polyhedral angles of a concave regular 
gohd ore regular, and congruent with one another, 
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Now hf Caocfay's theorem the ladermoBt potyhedron endoeed hy 
the plana facaB of a concave regular eoUd is convex and regolar and 
hence the concave solid most have an inscribed sphere. Also by 
definition all the edges are equal; the boonding polygons an regular and 
congruent and all the dihed^ angles are eqml. Reciprocating with 
respect to the inscribed sphere and remembering that the teaprocal of a 
regular polyhedral an^ In this case is a regolar polygon (convex or 
concave according as the polyhedral angle is convex or concave) we see 
that m the reciprocal figure all the dihedral angles will be equal, all 
the polyhedral angles will be regular and congruent, all the edges will be 
equal and the vertices will comade with those of a regular convex 
sohd. It follows that all the bounding polygons must be regular and 
congruent. Hence the reaprocal figure must be a concave regular 
polyhedron. We have thus proved that the vertices of all such solids 
coincide with the vertices of some regular convex sohd, the edges of 
the concave figure comciding with the edges or the diagonals of the 
convex figure.* Also the edges at any vertex must be equal, and must 
make the same angle with the central radius to that vertex. Hence 
to find the possible t 3 rpes of the concave regolar solids we may take a 
vertex P of one of the 5 convex solids and find the systems of possible 
edges meeting at P. 

In examining the five sdids for this purpose it will be found con- 
venient to represent the comers surroonding P by points in a plane 
perpendicolar to the central radios OP, the distances from P remain- 
ing unaltered. The sohd is supposed to be held with the vertex P 
turned towards the observer. The vertex opposite to P is not shown 
in the figure. 

L In the tetrahedron there is only one 
system of lines meeting at P, and this gives the 
solid angle P (AiAtAi) which bebngs to the 
tetrahedron 

Aa« vAi 

II. In the cube there ate 2 systems of lines 
atP. 

Bi* 

A| vAi (l) PAi, PA|) PAs these give the solid angle 

* P (AiA|A|) of the cube 

•P 

(2) PB], PBn PB$ these are the edges of a 
solid angle beloDgiiig to a tetrahedron 
and the complete figure obtained by drawing such lines at all the 
* TUe mey else be proved dlrecdy by the method need in Oiiiehy'e 

pspen 
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vertices consists of two interesting tetnhedn. This Ogan can also 
be obtained by stellating the octahedron. 

*A» 

III. In the octahedron there u only one 
A 4 * *P *As system and the corresponding solid angle P 
(AiAtAtA 4 ) belongs to the octahedron. 

*Aj 

IV. In the dodecahedron ve get six systems of lines and the 
corresponding solid angles are 


•C,' ’Cl 

•D, 

(1) P (AiAiAi) This belongs to the dodecahedran. 

( 2 ) P (BiBjBti B/Bs'Bt') This consists of two solid antd«s 
P (BiBtBi) and P (Bi'Bi'BiO each of which belongs to a cube and 
the whole figure obtained by drawing such lines at all the vertioeB, 
cnnaista of five interesting cubes. 

(3) P (CiCtQ) This belongs to a tetrahedron* and the whole 
figure consists of five intersecting tetrabedra. The twenty verticee 
belong to a dodecahedron and the twenty faces enclose an icosahedron 

(4) P (Ci'Cs'CiO This also belongs to a tetrahedron and the 
whole figure is the mirror image of the fignre m (3). 

(5) P (QCiCti C/Ct'Ct') This solid angle beloogs to the oom> 
bined system of 10 tetrahedra [(3) + (4)] . 

(6) P (DiD|Di) This trihedral angle belongs to the concave 
solid, called the great stellated dodecahedron. Considering the edges 
in the plane PDiDi we see that each bonnduig polygon a concave 
pentagon. Also the plana P D]D« is parallel to a face of the dwtecar 
hedron. Hence there are 12 such planes and therefore the concave 
fignre is bounded by 12 concave pentagons. 
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V. la the icoaahedroB there an two oystaiiu of Maes at P, each 
of which gives 2 solid angles. 


(1) P (A1A1A1A4A1) This be- 
longs to the icosahedron 

(2) P (AiAtAtAiAj This is 
a concave solid angle bdonging 
to the gnat dodecahedron 
which IS boanded by 12 penta- 
gons (as may be seen by consi- 
dering the edges in the plane 
P A, A,). 

(3) P (BiBiBiBiBs) This convex solid angle belongs to the 
small stellated dodecahedron which is bonnded by 12 concave penta- 
gons (consider the edges m the plane P BjBi). 

(4) P (BiBtBiBiBj This concave solid angle belongs to the 
gnat icosahedron which is bounded by 20 equilateral triangles (consi- 
der the edges m the plane P BiB|). 

Thus we get only four concave regular polyhedra, when the 
symmetrical ccnubinations of the convex solids an excluded. It is 
not difScnlt to prove that, of these four solids the great dodecahedron 
IS the reaprocal of the small stellated dodecahedron, and the great 
icosahedron is the reciprocal of the great stellated dodecahedron 

It has been stated above that these concave figures can be ob- 
tained from the convex solids, by producing their faces until they meet 
in a pout or a line , but this gives some other figures also, which are 
not regular but an bounded by congruent polygons. From the 
octahedron we get only one figure which consists of 2 mtersectmg 
tetrahedra. Three figures (l) the small stellated dodecahedron (2) the 
great dodecabedrtm and (3) the great stellated dodecahedron— can be 
obtained from the dodecahedron by repeated stellation, and all of these 
an regular. From the icosahedron it is possible to obtain 19 figures 
only one of which — the great icosahedron — is regular. Some of these 
other figures an very uterestmg The figure obtamed after the 2nd 
stellation ponsist of 5 utersecting octobedra, and after the 5th 
stellation we get 3 figures two of which consist of 5 utersecting 
tetrahedra and on mirror images of one another, and the third consists 
of 10 utersectu^ tetrahedra. 

It is easy to construct string models of these figures by lint con- 
atmctug stick— or win— models of the dodecahedron and icosahedron 
and then joining the proper vertices by strings which will form the 
edgw of the concave solid. 


B«* -B, 

•A4 

A,* -Ai 

•P 

B,* ‘B, 

Ai • -A, 
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For constructing cardboard models however it is neoessary to 
determine all the plane angles of the figure to be oonatructedL This 
can be easily done in the case of the 3 figures obtained from the dode- 
cahedron, but m the case of the stellated icosahedra the following 
method must be used. If we taka any face F of the icosahedron, then 
the other faces when produced will meet F b st. hoes forming a 
certain rectiLneal figure, and this figure will have some more iinee 
added to it after each stellation of the sobd» Hence if a and 0 are 
two icosahedra such that 0 is obtamed from a by a number of steUa- 
tions, then the figure on a bee of a will form a part of the figure on a 
face of 0, Now the great icosahedron happens to be the last but one 
figure in the series of stellated icosahedra and the figure on its face is 
an equilateral triangle crossed by certain other st Imes shown m the 
accompany mg figure (which is interesting by itself owing to the large 
number of groups of concurrent st. hoes and ooilinear points). 



BD» DE, EC ore taken equal to the sides of an laosodea triaoi^ 
whose base la DE and vertical single 36^ ABC is cm equilateral 
triangle. BD ■■ BI “ AH ■■ AG -■ CF — CE. The pomta are jomad 
as shown in the figure. If the sides of the 3 triangles ABC. DFH and 
£G1 be produced to meet one another we get the net of lines on a face 
of the last figure in the series. AH the plane angles oocumi^ m any 
stellated icosahedron, cem now bo obtained by identifying its bounding 
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polygon widi a part ci this fignn and nsing the methods of Plane 
Trigonometry to calculate the angles, 

Coloored cardboard models d all these figures, oonstrocted by the 
present wnter. have been placed m the Wilson CoUege Library. 

Beantifol photographs of these and several other figures will be 
found m a German book— ' Vleleike and ^^fladl' by BrOckner 
which contains a large nomber of theorems, about diflbrent kinds of 
polygons and polyfaedra. and naany histoncal notes. For further 
information the reader is referred to this book, where he will also find 
other teferenoes. 



THE CLASSIFICATION OF INTEGERS 
Rif D D KOSA^ffil 
Perg^MSon CoUsg»f Poofia. 

In dealing with nomber-thdoretic operationsi we find oertam 
operators exten^ble to oontinuotis vanables* and some for which no 
immediate extension la to be seen from natnial numbers to the oonti- 
noom. Here, I oonsider an operator of the latter type, and show its 
uses m classifying the entire scheme of positive integers. This note 
also proponnda a problem, or rather many related problems without 
giving explicit solutions. In some cases, a good deal has been dis- 
covered about the answers, whereas the expert technician will have no 
difficulty m recognizing that the rest are practically insoluble m our 
present state of knowledge regarding the theory of numbers 

1. For any positive integer n, we define the operator 

K [n] — The sum off all factors of n including umty, but 
excluding n itself. 

Thus. K[l]— 0 K[2l — K[3] —KW — 1 i»aziy prime. 
K[2*l-2' -letc. 

A first classification of the numbers can be effected mto. 
abundant numbers K[»] > n 

deficient numbers. K[fi] < n 

and the boundary class, usually included with the abundant, of the 
perfect numbers KM The problem of the distributioo, or 
rather the proportion of these, has been attacked with some success, 
with the knowledge that the deficient numbers form slightly more than 
a half of the total As the multiples of any abundant or perfect number 
are also abundant, a more essential problem is the number of primitive 
abundant numbers, one to which Dickson has made several most 
brilliant contributions 

It IS seen that K [n] — m regarded as on equation for given m, 
has not always a solution , as for example, m — 2, 5, ... . Again, the 
solution whenever it exists, need not be unique. 

2* The operator K In] may be repeated . 

K [K [n] ] — K* [n] and so on. 

If [n] « 1 then r is defined as the olau of the integer n. 
The class of umty will be defined as zero from the outset, and it will 
then be the only number m its class. Whereas every integer has 
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anothor derived from it by the application of the opentor K, not every 
integer has a class. For instance 
The perfect numhers K [n] n 
The amicable nnmbws K [«] ^-^ m K [m] ■■ fi 
We shall call numbers of this type cyclic numbers, the cycle being the 
least value of s for which 
K* M -n 

holds true. The members of the cycle are then given by 

K[fi] K*[n] K»[«] K*-» [«] 

I do not recall having seen any discussion of numbers of cycle greater 
than two. 

There is still a further possibility of numbers without cImh . the 
numbers of class or cycle miimty. By this is meant numbers n, if any, 
such that for every a, another b exists to satisfy the ineqnahty . 

K* [»] < K‘ [»] 

3. The problmns arising out of this classification may be viewed 
$n bloo: 

1. What IS tile nature and distribution of the integers m which 
cannot be derived by an operation, t.«., for which there is no » satis* 
fying 

KM -m 

2. When are the solutions of the above equation unique^ and 
what is the maximum number of solutions possible for sudi an 
equation? 

3. Are there numbers m every class, and how many? For 
instance, prunes are mtegers of class one, and known to be mfi git A m 
number. Here, we query whether 

W -1 

has any solutions for a given r and the number of these. 

4 Do there exist numbers of any preassigned cycle : are there 
solnttons for every s of 

K' W -« 

and how many sets ? 

The questions 3 and 4 concern the existence and number of solu* 
txms of simple operational equations ; the general problem is too vague 
to be of mterest at present 

5, Are there numbers without class or cycle? 

6. Are there btegers of mixed dess and cycle ? i. mtegers 
which, after a certau number of operations, reduce to a ^dic number. 
[These can be shown to exist, as for examine K[25] <«6, K[6] ^6. 
This also shpwg the non-oniqueo e ss of the solqtioos of operatiOM} 
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aqaattOBi]. AnttNrtt&tegM of ttMtdmdtype far «vtryduiiiid 
every possible cycle 7 And what is their distrlbation ? 

7. The integers being written down In their order, what is the 
distribntion into classes and cycles 7 In the set 

1. 2, 5, 4. 5. N. 

how many classes and cycles are there represented, And what is the 
number of mtegers b each class and cycle represented, under the limit 
N 7 How many mixed mtegers are there under the Unit 7 

It should be noted that this is a generalization of the classical 
problem regarding the distribution of prunes. It may be hoped that 
the two supplement each other, and that some light wiU be thrown m 
the near future on the more general problem as related to the older 
one. As stated, this may be caUed the problem of the classificatwo of 
mtegers. 



THE RESISTANCE OF A SPHERE DUE TO ITS 
UNIFORM TRANSLATION IN A VISCOUS LIQUID 

By H K SEN 

Rajaratn Cottegt, Kolhapur, 

It has been demonstrated by experimental investigations* and 
by theoretical considerations’ as well, that Stokes's law can only give 
a rough value for the resistance experienced by a sphere as it moves 
nniformly in a viscous liquid. The main object of the present paper 
has been to determine an expression for the resistance which would 
have a larger ^nmnin of validity than Stokes’s formula. It may be 
remarked that the formula obtained in this paper has its limitations 
but it IS believed that the range of its applicability is larger than that 
of any other corrected form of Stcdces’s law. An attempt has also 
been made here to suggest an approximate form of the compitto 
equations of motion, which would be vahd at infimty.* 


1 , OMoral Tranyfamiahon 

Suppose the sphere to be movii^ with a nniform velocity U in a 
direction wbch we take as the axis of a. Since the motion is taken 
to be steady the complete equations of motion referred to a system of 
parallel axes moving with and throngh the centre of the sphere, are 



together with (2) 


where n, v, w are the components of the veloaty and p the pressure 
at any pomt m the liquid whose co-ordinates are (x, y, z) referred to 

1. H. S Allen, FIA Mo^ 1900, pp 323-338, H. D Anold, Phil 
1911,VoL2Z. 

2. CW Oioen,ArMv/.MW.Aitw.Mlkl^.Bd 6. 1911, H Lamb, PU, 
hbq, Vo). 21, 1911 , R. W Burgeaa, Amr Jour cf Uath,, VtL 38, 1918. Also 
see Lamb's Bfdrop/nmiei, Sth Bditloa. 

3. I would like to express my thinks to Dr. Gatteab Prasad and to Prof 
C W, Oseen and Dr. H. Fazen (of the University of Upaala, Sweden) for their 
kind and valuable critldsms and suggestions during the preparation of this 
work. 
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the moving axes, v (« }L/density) the kinematic oo-effideat of vieoo 
8ity, and X, Y, Z the compODents of extraneooa forces. Since the 
vortex lines must be circles having the axis of x as the common axtSi 
we may assume 

(J) 

where X is a function of x and w (■■ only, and 

dv ^ du^dw r ^Sv^du /j\ 

dy dz* ^ dz dx* ^ dx dy* 

From (3) we get ■ and so we further assume 

/being, like X, a function of x and <0. We then get, from the other 
equations of (3), 

JV ^ 

dz dj/dz dz 

ana 

dy dx^dy dy * 

which are obviously satisfied by 

w^-X. (6) 

The equation (2) then gives 

dx Mm* * 

whence we have X » V*/ • (7) 

Thus M, V, w are expressed in terms of a single function / which 
contains as we know, x and u) only. This may be furth er simplified 
by assuming that/ is a function of ;r and P { * ). It may be 

noticed that this function is tacitly taken to be condnnoos and its 
derivative, upto a certam order, to be existent 

If the extraneous forces have a potential, we can obtain from (l), 
by crosa-differentiation, the following. 

This then la the equation from which the function / is to be deter* 
mined. 

2. ObjedtoHt to the Prenoue RetuUe. 

Stokes's results could be obtained from (8) if the left-hand side 
be neglected altogether ; that is, if we take 

r7l/dX\_« «_r7» Y _A 


orV* X"0, 


( 9 ) 



TbA BttlSTAMCB 09 A 9 PHSR 9 


2) 


£X 

instead of (8)i as oar fundamental agnation. The solatioD 

b for obvioos reasons. The simplest sidntion of (9), compatible 

with the oondhim of rest at infimtyt is 


X- — 

* P 

Tkking/ to be a function of P, we got 


or 


vv-f. 


wbenos 


P* ^ +2P ^ — oP. 
tip* JP ’ 


leading to _o ti ./A - -£.Nv» 1 

2P P* \ P* 2P*/ ' I 


( 10 ) 


The condition of non<shpping at the surface of the sphere ( P ~ a ) 
requires that 

c - - f U«, ti - -t U«*. (11) 

Pr(^. Oseen* has shown that although this solution of Stokes 
holds for points near the sphere, it is not valid at pomts at great 
distance from the btter. The reason advanced by him is that the 
ratio of the hypothetical constiauung farces to the viscous forces is of 
the order UP/v which becomes mfimte with P ; hence it would not be 
justifiabb to omit altogether the terms on the left>hand sides of the 
equations (rf motion for the region far removed from the sphere. The 
modiSed solution given by him satisfies the equation (8) when all the 
terms on the left*hand side, excepting the one involving U , are 
omitted. 

Thb modified equation, which we may name (8 A), can also be 
obtained from the followmg considerationB.* Consider the term 

Am 

( M— U ) ~ ; at points very near the sphere ( w—U ) is qnite email 
9x 

and hence the neglect of this term may be justified here. But at 
dbtant pomts (m-*!! ) is not small; m fact, it tends to *”11 as we 
recede farther and farther from the sphere. Therefore for the region 
far ronoved from the sphere the equation can take the approsunate 
form (8 A). 

Now os the value of u ranges fimn U to sero^ it is obvious that 
there are pomts at which (w— U) neither assumes a value negligibly 
small nor a value which differs from —U by a very small quantity; 


L Loc. clt. 

2 . C(. Burgess and Oteea, be. dt, 
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its valoe at tbess points can rather be denoted by UX^ where X is R 
proper fractioot eLod the equations of motion have here to be suitably 
modified The form (8A} does not hold here. 

Again, the equation (8A] can be obtained from (1) by omittiag 

tarmsu-^, . . from the left hand sides As w has values rang 

Cx 

log from U to zero, it would not be reasonable to take terms hka 
a 

— U into account whilst neglecbng terms of the same order of 
Cx 

magnitude (for some points at least), vts u etc 

Cx 


Thus we see that while the equations Stokes started from are 
true for points very near the sphere and those considered by Prof 
Osaen (and also by Prof Lamb) for points ^ from the sphere, no 
provision has been made for the intermediate region Prof Lamb has, 
however, shown that the latter results can, to a first approximatioD, 
be applicable to this region also In order to include this domain into 
our considerations we must take the complete equations of motion 
3 Constderaiton of the complete equahons of moHon 
We have seen that the complete equations of motion (1) can be 
reduced to a single equation (8} mvolvu^ only one unknown function 
/ This equation cannot, however, be solved completely, but it is 
possible to obtain approximate solutions by a process of successive 
approximation We shall put k^\Jl2v, as has been done by Prof 
Lamb 


As/oi where V*/o " 0, also furnishes a solution for / we can put 
+ v«Vo + v'and w = wo + (12) 
for our complete solution, Uq vo, Wo being derivable from fo Tha 
condition of rest at infinity requires that 




( 13 ) 


We propose now to obtain approximate solutions of (8) in the case of 
slow motiODi that iS| when is a small quantity For a first 
approximation we shall neglect all terms involving second and 
powers of Air We assume that /-/i + 


where 


/i - [Ao(l+AP) + A,*l 
/i - e~^ [ B« + Bi* ] , 


and 


( 14 ) 
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tha A’s and the B'a being fnnctions of 9 and tiie B'a being dependent 
on the A's satisfies the equation (8) to the first approximation For 
the sake of convenience we shall denote by Mt ■ vi , Wi t • tbB valnes 
of M , o , w • X , derived from /i and similarly for others Als(^ by 
Dn thec^ieratoi 


V dx ^dy y ^ 6» dy 

We do not purposely take into account sudi valnes of / ( except 
— feP 

/o) which do not possess e as factor, since it can easily be shown 


that they furnish veloaty^oomponents which are incompatible with the 
condition of rest at infinity For the same reason we take it that the 
unknown fnnctions of P , tnt Ac • etc , do not contain any exponential 
factor , m other words we shall treat them as polynomials only 

The form of Stokes's solution leads ns to assume farther that only 
Cl and the function Ao include terms free from k. The values of these 
functions can be derived from the equations we would obtain by 

-JfeP -2ifeP 

equating the oo efiScients of e and e from the two sides of 
the equation (8) when the presumed solutions are put in Substituting 


(12) and 

(14) 

m (8) we thus get to 

this approxmiation 




(v+aly 

By 

DjXi t 

(15) 

and 




DoX, + DiXi . 

(16) 

The equation 

(15) wiU hold if 





Fo" Ao 

“ 0 , 

0 mm 

(17) 



Fi" A, 


(18) 

where 

r«" 

_ (i» . 4 («+l) d* 

+ 4J«!- 

1) d» 12«(«+l)d*'| 


dP» P dP* 

P*^ 

dP* P* dP* 






I 12» (»+ 1) d 1 

P* dP ' 

•(19) 

and 

F»' 

_ 1 d* , 2«+l d» 

_6 (n+l) d* j.6(«+l) d 



P dP* P*” dP« 

P* 

dP* P* dP J 



These equations are satisfied by 


Ao * ^ + <J|P I (20) 


and Ai - ® ® - J . (21) 

the a's being constants The equation (16) then gives 

Fo" - 0 (22) 

D 
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and P*F/^ Bi ■ • • • (23) 

wheiiceBo"OaiidBi“ -p-— 2a» log (*P) I (24) 

From the condition of non-alipinng at the amface of the spheie 
we next obtau 

Co“ 0, ai+Cb “ “iUo*, a* “ — f Utf. 

Oi- - ^ U*a*, Oi-Ci* - j” Uiat‘ 

Thns we sea that we can safely pat Cq * ci » ci » 0. Hence the Bob- 
sequent values of the constants, vts 

ai“ -iUoi, «*■ -i Ua, rti« — U*a*, «4* — A UAo*, (25) 

iO ID 

load to 

[»+»>) 



and similarly for w. 


4< The seoend approximaHon. 

We next carry the calcolations to the second degree of apptoxi* 
mabon by retaining terms involving the second power of ha. We 

begm by assnming oar solution to be 

(28) 

where i«,w)»+A«+A»»+A,**],(29) 

- s"^ [ { ^-aulog (*f») j ^+B,+Bi*+B,** ] (30) 

and>l-r^*^[Cc+CirfC,*» ] (31) 

the A’s, the B’s and the C’s all having it* as factor. As beforeb we 
take it that the values of the functions B and C depend on those of 
A's, Following the procedure of the last article we get 
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A, + V+6 ,P» - P»; 

At FT ^ 4 - ft. p*— ^ 


. . . (32) 


Bi - U**(l’[ - I eiathP ] : 

ud *<■ ™’“*[(i^7“i|5pi)'«*’~572F]! 

C..OiC..U*-.'[f5+(1^5|5^)l«»], 

The valuas of the constants satisfying the boondaiy condition at 
the sorface of the sphere can now be easily fomid to be 

*■ ■ -2^ = 

6i » 0 ; ft4- UA*«*, - I ; 6,-0; 


M33) 


f 

(34) 


^ ■ 'IS;Uft*a*-4;U6*a»log*a, 

8960 70 

•• * 

It may be noted that the values of u, v, w, thus calculated contam 
<— ■tain terms mvolviug log (kP) as tactor This makes the correspood* 
ug terms assume the mdetermioate form Ox ec when P is infimte; this 
does not, however, impair the condition of rest at mfimty since the 
ultimate limit of each of these terms is zero. 


Using the values obtamed above we find that, m the absence of 
extraneous forces, the resistance experienced by the sphere is parallel 
to the axis and is given by 

R- }*•<»•] (36) 

Thus (36) represents what Stokes’s law should be opto this appcoxi- 


The method indicated above can be employed with snooess to 
obtain batter tasqlts, that is, upto higher debtees of approximatioii, 



28 


JOURNAL OF TBB UHIVBKSITy OP BDIffiAT 


5. Comparison wtth sxpenmental abssrvations. 

In order to find within what limits the formula (36) is apidicable 
I have used the results given by Arnold (loc. cit) in Table II of his 
paper. Arnold’s experiments, however, were carried on with small 
spheres falling in a liquid contained m a long vertical tube. In deriving 
the formula (36), on the other hand, we had assumed that the liquid was 
infinite in extent. In Arnold’s experiment the condition of infiniteness 
IS to a certam extent mamtamed on account of the relatively large size 
of the cross-section of the fall-tube (m comparison with the radius of 
the foiling sphere) used by him , but the hquid m the tube camw^ m 
the strict sense, be regarded as infinite. It has been shown by Fax6n 
that the effect of the presence of the walls of the tube is to increase 
the resistance by a factor whose value depends on kr, where r is the 
radius of the cross-section of the tube, whan k is small enough. The 
resistance calculated from the formula (36) derived m this paper should, 
in these cases, be less than the actual resistance experienced by the sphere. 

Now if a sphere of radius a and of material whose density is o be 
falling m a liquid of density d under the action of gravity, the force 
which accelerates its motion is given by 

(o-d)g (37) 

In the case of steady motion this force will be just balanced by 
the resistance of the sphere due to the hquid. Thus we get a cnterion 
for testmg the degree of accuracy of the various formulas. I shall also 
be giving, m the succeedu^ Table, values computed from the formula 
of Prof. Oseen, viz. 

R»-6irfJiUa(l+iM (38) 

Agam, since the formulas (36) and (38) refer to the terminal velocity 
and smce m the followmg computations the values of U used are taken 
from the experimental observations which are never greater than the 
terminal velocities, it should be expected that the values calculated from 
these formulas would be less than those derived from the formula (37). 

The validity of the formula (36) is apparent from the Table if 
we consider that it gives values suffiaently less than those obtained 
from (37). Prof. Oseen's formula appears to give more approximate 
results than (36), even when a is as large as ‘0704 , for this Ja 
is suffiaently large and such agreement leaves a doubt m one’s mitwl 
as to the vahdity of his formula for such big values of a at least. For 
low values of a, however, the three formulas agree to a very /• lo se 
approximation. 

Proceeding to the next higher approxunation, I have 
the expression for the resistance and have found tlmt it wi pys t f of a 
term of the form 
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— 6 «■ |i Ua log ka'\ ^a* ••• (39) 

in add itio n to the expresflion (36). The valoos of a and fi an 7*49 and 
2'54 approximately. It has been found that this term prodoces no 
perceptible change in the values given in the Table ujito 0»*O329. 
For the remaining cases the increments an: 

•001, -003, 003, 004, -020, -059, 078, -100, -171. 310, -655, *837, 
•921, 963, 1 195, 1 751, 2 223, 4 087, 5 067 

respectively. It may be noticed that, for the last two cases only, this 
causes the value of the resistance to exceed that in the third coliimn 


This discrepancy is, I think, due to the fact that the radii of the 
spheres in these cases are too great for this approximation, and would 
itump piiar if terms of higher orders an brought in. 


a 

ha 

Resistance calculated from 

Formula (37) 

Formula (36) 

Formula (38) 

•00651 

0005 


•00972 


•00912 

00132 


0263 

•0263 

•0102 

•0018 


•0365 

0366 

•0104 

•00194 


•0387 

•0388 

•0190 

•0114 

248 

227 

229 

•0200 

0135 

•289 

•268 

•271 

•0208 

0156 

325 

•310 

•313 

•0252 

0257 

•579 

•511 

•521 

•0301 

•0438 

986 

•868 

•899 

•0310 

0476 


•944 

982 

•0329 

•0567 

1 288 

M23 

M77 

•0372 

•0798 

1862 

1576 


•0400 

•0991 

2 315 

1954 

2-1 19 

•0403 

■101 

2 367 

1-996 

2168 

•0408 

•106 

2 456 


2 267 

•0462 

•143 1 


2 814 

3141 

•0497 

•177 


3 466 

3 981 

•0510 

•187 

4 798 

3 668 

4*241 

•0515 

197 

4 940 

3 866 

4 498 

•0538 

•220 

5 632 

4 326 


•0562 

■2503 


4 938 

5 916 

•0594 

294 



7151 

•0609 

3105 

8 169 


7 619 

0613 

317 

8 319 


7 813 

•0619 

•320 

8 579 

6 429 

7 905 

•0630 

•336 



8-367 

•0644 

•365 

9 660 


9 266 

•0688 

•385 


7 953 

9883 

•0690 

•441 

11883 

9 605 

11692 

•0704 

•467 

12620 

10<161 

12-560 


It may be added ben that the radius of the hUbtube was *547, so 
that one may compare thu to the radios of the falling spben. 
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8. VL SHAH, M.A. (Lond.).F-R-A.S. 

JHutitm Univtmty, Altifuh. 

I. Let 4 (n) denote the number of " Unkotsdxuc ” fncUoiie 
( the fraction "'^ — * • 1 <a<n is called "knrzfaar** 

' ff 

1 <h<» V 

if (o, 6, ») >1, " onlnirzfaar " if (a,b,n) ■ 1 ) / 

It is known that 

®(n) - «*(l-^) (l- .... 

if « - >* 9^ . . where p, g,r,,., Biedifbrant (irimeB. 

It follows that if /(«) ■ tl**® 0 < /(») < 1 

We propose to prove . — 

*Th. (l). Every point of the interval ( t 1 ^ is a limiting point 

of the set of pomts/ (n). 

(a) Let ^ be the rth prune then 

/(p^) “ “ { ^””^1 ^ asr-»«o 

1 13 a Lunitmg pomt of the set of pomts/ («). 

(b) Let tir ^ Pi pt .... pr. Then 

/(«r)-{ 1-i} {l-i} 

This prodnct tends as r -» «, 

Where C (*) denotes the Zeta Fnnction of Riemann. 


is a limiting pout of the set 


(o) Let — I < ^ < 1 


0 < e < f 


_ 6 


* For a ifanflar method appHed in a dUtecent pcrMen^ see a paper he 

Dr. T. VUsyanghvaii, L M. S. Jontasl, VoL XU, p. 
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We pcove dat a munlMr N exists such that#— s </(N) < ^ (l) 

from whicfa it will fidlow that # is a Umitliig point of the set/ (n). 
Choose a prime nomber Pi so luge that 

Pi* > 7^ Pi* > ^ (2) 

i—p a 

Let Pk Pk • . t • be the prime uimbara in order hdlowlng Pi. 
CmMnr nombers Ni, Nh . . . . defined by 

Na ■ Pi P* • • t • Pa ) 

Tta. 

Alao/(N]),/(Ni} .... form a decreasing seqnenoe. 
Farther/(Ni) ■ *#from(2). 

•*• If none of the numbers Ni, Nb . . . satisfy inequalities (l), 
there should exist an integer ft ^ 1 so that 

/(N*)># . . . /(Nm)<#-e 
In this case we have 



But Phi >Pi Pi* < ^ 

which contradicts second of mequalities (2). Hence a number N exists 
vriuch satisfies (l) and the theorem is therefore proved. 

2. Let V (n) ■■ number of ” knrzbu ” fractfons 

Then V W - a*-n* ( l-^)( 1--^) . . . 



••• J?. 

M-WOO H* '' 

and by TL (1) we get the result that every point of the interval 
((^‘”'^)is a limitug pobt of the set of points 

3. Let fti ■ 



a 
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00 ^ 

Then S -i ■ p (g) is convergent for o > 1 when a ■» o + it 
« “ 1 n 

Hence by a well-known Theorem (Landau Primzahlen VoL I Ftige 
115) we get 

_ _ N 

Urn (a— 1) / (s) < lim £ an 
g»l N-oo ft- 1 

N 
N 

lim (a— 1) J (a) > jim S On 
gm N - eo n'^\ 


Now S 


itn 


N 
C(a) 


„ = 1 M* t(a+2) 
and (a-l) 


We hav e 

N 

«-=l 

®(«) 

«* 

N ** 00 


N 


N 

S 

♦ («) 

Lim 



n— 00 


N 

prove, below, that 



Lim 

N 

S 

n-1 

®(«) 

N“oo 


N 


cw. 


CO). 


m 


Let a 

be any 

real number 


N 

I 

ft («) 

" 0 (1) 

if a > 3 

«-l 

w« 



N 

I 

»=1 

ft(H) 

«a 

1 

+ 

o 

(l) rf a«3 

N 

£ 

n-1 

ft(«) 

«« 

n3“« 

" (3-a)C'W 

+ o(n3-«) rf,<3 


Th (2) 

(fr) 

(c) 


Proqf 

(a) a > 3 

I 

» = 1 »* «-l «« 2 ft*”2 


00 


< 2 1 -0(1) 



tdk nr ov ponm # (»)/«** 


(fc) a ■■ 3 

We have W ■ «* 

•'• • (») ■ I* *^ ? * •* ^ 

^ V-. s m 

. ^ ta t4] . 

d-i S «• 


_ s 

i/.<N 


f»»-« 


Now I" + ? + 


. [ 7 ] 2-, 


* y !«•-« W 

d-1 <1* 2 »» 

m" 1 

.+I/- ^^ + «(.»+') »#>-! 

- Idgn + 0(1) . . if*--l 


•. -log[N] + o(l) 

»» = 1 

- { logN-logd+ 0(1) } 

. { k»N-k«i+0(l)} 

.|o,N S JiA- S + 0(1 !*-«> 

d-l <1* d = i << 'rf-1 <i* ' 

- log N S i!:^ - log N S + 0 (1) 

since 1 1*" and 2 ate both oonveigaot 

-« + 0(l) 


( 0 ) a < 3 
We have from (3) 

S M - 


s hM 

rf-i ^ 


Lf*-* m2-** 



joORMAL ot Tdtt uMivsRstn ot amoiH 


Whore 


[„] 2-a _ 1 rNi* “j. _ N^"“ 

iff-1 J 


-w(t) +-[7=-.] 

.-. I m. ? i] 

«-l „« i-l L3-« <|3-a J ^ rf-l^J 

(3“«) Jml ^ ' 

_ N^”® 1 .„/ki3-«\ 

75=3 fT3) ' > 


5. We have V (a) + ® (a) ■ «* 

A s 1L(?L + s - 2 «2-a 


»■ 1 «* 

.*• Wo get from Th. (2) 

I »ii . 0(1) 

H-l „« 

S *^-1,1, 

H"l »* 


« “ 1 »l* « ■ I 

if a > 3 

1 ~ ir/,t\ + 0(l) if a *3 


S - togN {l-^> +0(1) ifa-3 

i»-l „« I C(3)J 

-xk) 

if «< 3. 

6. We note that for every n 9 {n) > V (») 

“ 0” Ji) if . . 

AndJLSsl. i-(i-^)(l-^).... 

Now (l-^) (l-^) >^fceovefyi» 


••• •’(■-sX'-i) •■ 


ft (a) > V (a) 



*0N AN ASYMPTOTIC FORMULAE IN THEORY 
OP NUMBERS 

8. M. SHAH 

Eludtm UtUvtruiyt Altgarh. 


Let r t («) denote the number of nambere less than x and whldi 
are prodocts of two different primes. Landau has proved m his "Hand- 
bodi Der Lehre von der verteilung der Pnmzahlen ” (Page 208) that 

logx 


I propose to prove that 





where B IS a constant 


• Urn 
»■ » 




£ w 





Proqf ^ _ 

(a) If t/jT ^ pnmet let ^ where ^ denotes tif* 


prime 

Then S v r (2) + + ^ i) 

P<^x 

- 1 + 2+ («-l) 

, « (w-l) 

2 

Now r ('✓*) ■ V (^ ■ n 

by prune number 

logx Theofsm. 

and henoe the required result 


* I am much Indebted te ft. T. V lj aysia gh wan fgy yahaMe sngpssHeqs 
Ip prsperlng tUs paper. 
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( 6 ) LUPk < "yx #•+> 

Thm I (j) ■ » (2) +..•+* (#«) 

. i + a+ . . . +.-i^ 

And since » ■ *'{#■)“» 

.*. wa get the lesnlt «s beJoee 

^lABOSatL 2 e 

iVee/ 

Let F (n, x) 

Then we have 


U (log «>'l 0 gtf) 


for Vx 


(1) F(«.*)>0 

( 2 ) F 13 decfeesmg in the nnge 

^ 2 ^ M ^ Vx I RPd * constant 

for F (m, x) . 1 

log N w (log*— log m) 

Let B ■ F («) ■ (log * - log b) 

Then 4^ w logB-kigB-l >0 

|or2<B< Vj 

.*. y IS increasing and hence ^ is deaeosing in nngs 

log w 


2 <w< Vx 


and I 


( 3 ) Fi 2 ^ . I ^,^( 1 ) 

log 2 2 (logx'lo^ 

- 


logn) 


, rtlog* da 
log 2 log *-a 

, log (!gg*rt s . 2 ^ 

ilogx 

' k)g2 + loglog* + log ( l-^J^)-kglog* 
' log 2 + 0 (1) 


* In pfceiag this lemsMwiw fellow dossif the a s Hi od el ttethgcr M a on 

page 203 of Hudbaeh, 
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Now 

#<* 

Where e (x) 0 (l) 

s i9ffj5 /H- jLK - i ) - 

2 "OoB *“•<»«) 

1 , ,.(.)-(.- i).i.-i) 

g N (lQg »-10g») ■*■ g « 0og »-k)g«) 

[vin 1 j j 

I n(k««-logn) g '**^"^i«(log*-iogii) 




3g *->■•+ i) } 


NflW by (})• (2) and (3) 

wm 


*1 Oogi»~Iog [v»l) 


»Uog*-log»*) ■*■ 2Uog*T-logg) 




liogA-lOgM) ® ^l/g W (log;f-]ogw)| 


■ log 3 + P (1) 

Farther {or all w ^ w ■ w (h) 

I e (m) I < h 
. * • For all X > w + 1 
[V7]-l r , 

£ M a («) ] — ? 

a I A floKX— kff 


E 1 1 

\nm2 UOogx-tagn) (x+l) (logx-Iogn+l)' J 

+ • ( t'^^) (tog,-loi [^^]) I 

f 1 1 

<o(l) + hS^ «Jn(log*-log«) (fi+l)(log«-log|,+ i)| 


Wx] , 

* » (log* - logfi) 
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Bince 9 can be taken to be arbttanly email. 


' 2 r 


?-kgFl"*«2 + o(l) 


We have 

wi(*) - £ yW 

where/ (^) denotes the nambhr cS numbers less than x, and which an 
products of two different prunes, the less of which is equal to^. 


Su>ce/(p) " *'('T')” *■ 


»* ' 


W - £ » (x) “ 2 » w 

^<v';r ^ — 

Now by Prune number Theorem. 


( 1 ) 




+ 0 { « * Oog»-log#)* } 


Si 

Now pK-Zx 


+ s* 

•*• log^ < ikg* 


2 


k)g«-log# kigx 




^ #0o8 *-!<«#) 

■ l^le { ° } 

■ 1 ^{ loglOB* + B + o(l) } (3) 
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By (1) (2) ud (3) «ad by Lunm (1) 

riW ■ jlogkigA+B+o(l) +o(l) +o(l) I 

. * >08 log* + _5*. + 0 

logx log* 'log*' 



AN EXPERIMENTAL INVESTIGATION OF DILUTE 
LIQUID AMALGAMS OF THE ALKALINE EARTHS WITH 

SPECIAL REFERENCE TO THEIR ELECTRICAL 
CONDUCTIVITY, VISCOSITY AND DENSITY 

Bn 

G. R. PARANJPB ud V. 8. PATANKAR 
INTRODXXmO 

RacflDtIy a namber of workers have stndied the eflbct of oonoen- 
tration on the physical properties of dilate liquid amalgams of the 
alkah metals, and their endeavoars have thrown some Iicd>t on the 
constitation of these amalgams. Thus Bhatnagar, Prasad and Mnkerjae^ 
have investigated the surface-tension of liqnid amalgams of Sodtnm 
and Potassium at the amalgam-benzene mterface. Bhave* has atndied 
the viscosities of the same amalgams. While Hine,* Bohariwalla, 
Paranjpe and Prasad,^ and Evans Davies' have studied the electrical 
conductivities. 

Unlike some other amalgams, the liquid amalgams of the Alkali 
metals do not follow the mixture law. The physical property-concen* 
tration corves of liquid amalgams of the alkali metals, however, show 
marked disoontmuities at definite concentrations. 

These discontinuities have been attributed by some to the fonna* 
bon of compounds or complexes, while others supporting the colloid 
hypothesis explain them as due to the sadden appearances of new 
phases. Bent' in a recent pubhcation has however shown that the 
evidence m support of the colloid hypothesis is not conclusive. 

Information regarding the liquid amalgams of the Alkaline earths 
IS almost totally lacking. Only a few workers like K. Bomemaim 
and G. V. Raushenplat' have determined some of the physical pro- 
perties, bat they confined themselves to one or two concentrations 
only. 

It was, therefore, considered desiraUe to e«iinin<t the effect of 
concetrations on the physical properties, such as electrical condnctivities, 
viscosities and densities of these amalgams. 

Before, however, such an investigation conld be ondertakan, 
it was necessary to determine the effect of time on the physical pro- 
perties of these amalgams For in a recent note by Paianjpe* it Is 
pointed out that the viscosity of liquid sodium anuJgams decreases 
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wHh tiiaa and that a men mechanical agitatwo le nifiBdeiit to nston 
the Imtial value. 

The nsults given later on show that no such dumgee take jdaoe m 
the electrical ocmdoctivity and vucoeity of the amalgame of the alka- 
line earths, and it is possible, therefore, to investigata the effect of 
concentration on the ^ysical properties. To observe the vanoos 
stages that nnutlgamii undergo on change of concentration, the compo- 
sition of the anMlgnme have been varied by very small amounts of the 
metsL 

Next, an attempt baa been made to verify the theory of electncsl 
conductivity of liqtnd amalgams put forward by Skaupy.** From our 
expenmental results, as ^ell as those of two other workers from this 
laboratwy — Bhave* and Bohariwalla*— are calculated certain quantities 
vdikh an of importance m the theory of Skaupy. 

Lastly it IS shown how the view, taken by Lewis* regarding the 
constitution of amalgams, helps to explam satisfactorily, the behavionr 
of the liquid amalgamg of the alkah metals and alkaline 

EXPEBIMESiTAL 

The general experimental arrangement consists of the fbllowlIlg^- 

(!) The preparatioa of dilute liquid amalgams of the alkaline 
earth metals of the requisite concentrations. 

(ii) Determination of the concentrations every time befon and 
after the measurement of the physical property under examination. 

(ui) Measurements of the different physical properties, vu. 
(a) electrical conductivity, (6) viscosity and (c) density. 

The difficult nature of the problem is evident from the fact, that 
the alkalue earth amalgams are even more unstable under ordinary 
conditions than the alkali metal amalgams, and get very 

rapidly in air, especially when the latter is moist. All the operations 
had therefore to be earned out under an atmosphere of an inert gas 
like nitrogen. 

If—PrttarahoH tj ik$ amalgam$. 

Fcg the preparation of the amalgams the electrolytic method of 
T. W. Ridards^ was employed. 

As the carbonates of the alkaline earths are very ingnlnH f, sn^n- 
rated solutions of chlorides were employed as the electrdytes. Extra 
pore Merck’s chemicals were used throughout 

Each time the same amount of mercury and the electrolyte was 
taken. The current strength wta maintained at two amperes in all 
preparations. The different concentrations were obtained bf varying 
only the time of electrolysis. 

The amalgams thus prepared were cleaned, dried, and stored in 
an atmosphere of pure^ dry nitrogen ( Cf. Bhatanagar and others*). 

F 
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Thns Bannm amalgams with conoantratioas vaiyug from 0-04 to 
0 36 grams of Borinm per 100 grama of amalgams were prepaiod. 
After attaining a concentration of about 0-36 grams % of Banam, the 
itmalg am showed Signs of Solidifying and hence no higher oonoentra- 
tions were attempted. In the case of strontium amalgams the concen- 
trations were varied from 0 05 to 0 44 grams % of Strontium In tiie 
case of Calcium amalgams it was not possible to attain conoantrations 
higher than 0*023 grams % of Calaum, for after a certam time of 
electrolysis, increase in the time of dectrolysis was not efibctive m 
increasing the concentration. The amalgam seemed to decompose as 
fast as it was formed 

For every experiment a fresh amalgam was prepared. 

IL E^imahon nf th4 ooncentratton : 

( Estimation was done by titration. ) A detailed account of the 
method of estunation is given by Bhatnagar and others.* 

( Phenolpthalene used as an indicator gave an end point withm 
0 1 C.C. of hydroxide Thus using a 15 gram sample of amalgam, the 
probable error varied from 1 0 per cent for very dilute amalgams to 
to 0 2 per cent for amalgams of higher concentrations Every time 
duphcate analyses of the amalgams were made and the diffisrenoe 
between them was never more than 0 5 per cent. ) 

IIL The apparatus and the method of measurement : — 

(a) The eleetncal oonducttvtty —The electrical conductivity of 
amalgams has been measured by Bornemaon and Muller,** Hue,* 
Williams,** T. I. Edwards,** A. L Johns and E. J. Evans,** and 
Bohanwalla and others,* by the potentiometer method. 

The same method for measuring the conductivities has been used 
m this uvestigatioa and a full description of it is given by Bohariwalla 
and others.* 

The value of the standard resistance was 0*3410 ohm, and as 
the current strength chosen was about 29 milhamperes the potential 
difference across it was about 1 x 10'* volts. The galvanometer was 
sensitive enough to give a deflection when the balance was npeet by 
3*0 X 10'* volts 

Rlr 

Now Rm * X Lan. 

Lk 

where Rm ■ Resistance of cell coutauing the Amalgnm. 

Rk ■ Resistance of the standard. 

Lm ■■ Fall of potential across the celL 
and Lk > Fall of potential across the standard. 
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therefore d(Rm)BPj^xd(Lin) 

Lk 

■ O Jl l O X3 0xl0'^ 
1‘OXIO-* 


« 0*0001 ohms approximately. 


Thai a change of resistance of 0*0001 ohm oonld be detected with 
this amogement. (The actual error was mach less than this as the 
mean of about ten observations with different current strengths was 
taken each tune ) 

(6) ViBcoBtiy ; — The measurement of the coefficients of viscosity 
of these amalgams was first attempted by the Thorpe and Rodgers type 
viscometer. This type ofvisoometerwasnsed by Bhave* for the measure- 
meat of viscosities of Sodium and Potassium amalgams. But the alkaline 
earth ftmaiganna were found to stick to glass and thus the measure- 
ment of levels by means of a cathetometer became impossible 
Moreover it was required to mvestigate the effect of time on the 
viscosities of the njnalgflniB without disturbing them in any way» and 
this was not possible with the above-mentioned arrangement. It was 
therefore finally given up and an altogether new apparatus was 
designed* 



To Fictir Pump or Nitrooen Tank 



Fig L 


The new apparatus as shown in fig. 1 consists of three parte. 
S la a bottle need aa a storing vesseL V is the viscometer attached 
to S Iqr means of a mbber cork covtrtd with a lojwr cf paraffin wax. 
Tlie viscometer coniiste of a capillary tube A B, to the two ends of 
which were attached two broad glass tabes bant b the form as shown 
in fig. (1). The capillaxy. whkh wascaielnUy calibrated and foopd to 
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ba aoifomi, bad a lengrtb of about 28 cma. and a bora of radioa 0*03073 
cm. M the amall cylindrical meaaaring veasd of uniform bore fraa 
attached to the viscometer by means of a small piece of pres s u r e tubmg. 
Both the storing and the measuring vessels were closed by air-tiidit 
rubber corks. Throu^ these corks passed glass tubes with stop-oodcs 
and thus both these vessels could be connected either to the filter 
pump or to the tank of mtrogen. The measuring vessel M could be 
closed from the test of the apparatus by means of a pmcfa cock P 

Before each experiment the difforent parts of the appaxatus were 
disconnected, thoroughly cleaned and joined agam as shown in fig (l). 
To make the apparatus air tight all the jomts ware covered on the out- 
side with a layer of resm-wax mixture. 

The vessel X containing the freshly prepared amalgam was tben 
oonuected to the storing vessel S means of two short pieces of 
pressure tubing and a glass tube as shown in fig. (1). The glass stop- 
cock E was then dosed and the farther end of the viscometer V was 
closed by means of the pinch-cock P. Then F was opened and the 
vessel S and the viscometer V were evacuated as completely as 
possible They were then filled with pure, dry nitrogen, and again 
evacuated. The stop-cock E was then opened, and after drawing by 
suction a sufficient quantity of the amalgam from X m S, the stop-cock 
E was again closed. The vessel X was then detached and S was 
filled with pore, dry mtrogen. 

The whole apparatus was contained m an electrically operated 
air-thermostat. The temperature of the thermostat was nutmiaifynt at 
a steady value of 3(fC The vessd M was adjusted in a vertical 
position and a slow steady stream of nitrogen was sent thronsffi the 
vessels S and M by opening F and G to the mtrogen tgp k and E and 
H to the atmosphere As the stop-cocks E and H were opened to 
the atmosphere, both the vessels were at atmospheric pressure 
thronghout the following procedure. 

After adjnsting the cathetometer, the pinch-cock P was released 
and the amalgam aUowed to flow mto M. The levels of the rising 
meniscus of the amalgam m M were noted down by the cathetometer 
against time, until a final steady level was reached. The level in S at 
any previons mstant was calculated from the value of this steady level 
and the amount of amalgam that had flowed mto M smce then. 

Knowing the levels of the meniscns m M at any two instants^ the 
quantity of the amalgam that had flowed thioufidi the capiUaiy of the 
viscometer during that mterval could be calcnlated from the known 
cross-section of M. The pressure-head on the viscometer conU be 
calculated from the levels m M and S. Thus all the quantitise 
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nMOBsary toe the calcnlatioo of the coefficient of viecosity, bom the 
eqnatioa, 


»1 


6 Q I ‘ 


toe the flow thiooi^ a capiUaryi were knownt except 6, the density, 
which wat determined each time by a separate ezperunent The 
coefficient of viscosity could thus be calculated. 

No kinetic energy correction need be applied, as only relative 
values of the coefficients of viscosity are required. 

The final steady level whidi the amalgam wonld attain was 
approximately known befbre>hand. The cathetometer was adjusted 
about a centimeter below this and as soon as the meniscus passed this 
level a 8top*watch was started The cathetometer was then adjusted 
OM or two millimeters higher, and the time noted m the stop-watdi 
when the meniscus passed the cross-wire. This procedure was 
followed until the steady state was attamed. The measurements of 
heights nmt times were thus made m snccessKm, and an error 
committed either m the measurement of level or tune m one observa* 
tion, resulted in an equal and opposite error m the next observation. 
Thus m the calculation of the coefficient of viscosity the error from 
one observation was partly eliminated by about an equal and opposite 
error m the next Thus the mean of abont six or seven consecubve 
observations yields quite a reliable value. 

The error m an mdlvidual observation was from 2 to 3 per cent ; 
bat since each experiment consisted of about six or seven consecntive 
observatuna and, as explained above^ the error m one observation was 
partly neutralised by about an equal and opposite error m the next, the 
probeible error m tbs mean was never more than 05 per cent 
This is qmte evident from the following values of the coefficients of 
viscosity d mercury obtained with the apparatus at three different 
tunes:— 


TdiDpoEftturOs 

7 } obtained by the 
author. 

n calculated from 
S. Koch’s formula 

% error. 

31 (/>C. 

0 01514 

001511 

0 20 

31-O^C. 

0‘01513 

001511 

(M3 

32-O^C. 

0'01512 

1 

0 01506 

0 39 


(o) Dtuity —The densities of the amalgams were determined 
under liquid paraffin by means of a specific gravity bottle. 

The amalgam was never exposed to the an: except dating the act 
qI ttansferriBg it to the specific gravity bottle. Tbe ^tennuatioiis of 
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tha roAffi <^*nfai of viscosity and density mra mads Rt tbs ssms 
tempentnre. 

RESULTS 

(0 Eff«a of time on the physioal pnpertieM of amdtgfme of the 
alkaline earth metals 

A laige amoont of amalgam was prepared and stored under an 
atmosphere of pure, dry nitrogen, so that it kept its strength unaltered 
dunng the course of the experiment. The jdiysical property, either 
the electrical conductivity or the viscosity was determined from day 
to day as described in the experimental part 

The results of the experiments are given in Tables I and IL 


Effect of time on the amatgams. 
Table I. — Electrical Conductivity. 


Tima. 



CoDcantra- 

tion 

Resistivity. 

X 

Conoentra- 

tion. 

Resistivity. 

10-* 

First day 

BIBS 

96 81 

00552 

96 54 

Second day 


96 83 

0 0550 

96 56 

Third day 

01325 

96.79 

e. » 

• se 

First day 


9691 

nil 

9610 

Second day 


96 92 

bH 

9612 

First day 



BS9 

94>80 

Second day 

^hh 


liiB 

94>80 


Effect of time on the amalgams. 
Table IL— Viscosity 


Tune ' 

1 BARIUM 1 


cflioii 

CoDcentra- 

tion 

Viscosity. 

Concentra- 

tion. 

VIsoosHy. 

First day 

0 2026 

001737 

0 0751 

0-01644 

Second day 

0 2010 

001741 

0 0735 

001630 

Third day 

0 2008 

0 01751 

a a 

tea 

First day 


0 01748 


0-01678 

Second day 

Ha 

0 01748 

HbI 

0-01678 

First day 

O' 1789 

0 01681 

e.e 

aas 

Second day 

0'178S 

001700 


• .a 

First day 

0-1525 


sea 

«aa 

Second dsy 

0-1519 

m 

* a 

•as 
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Vilootity detenninatioiit in the case of Barlam a m a lgam s were 
made at 32^C ; while those of the Stnmtiam amalgams ware made 
at30®C. 

The rasolts show tbat» in the case of these amalgams, no changes 
take place, with time, in the electrical oondnctivity and vuoosity. The 
slight changes, that are observed, are within the limits of experimental 
errors It was, therefore, ooncloded that the amalgams of Banom 
and strontinm metals are fairly hcanogeneons and stable. 

Incidentally these experiments prove that the amalgams keep up 
their oonoentratioDS, when stored under the conditions employed. 
They also famish evidenoe for the reproducibility of the results 

(ii) V^oft^oa cf the dedttcal conduoitvtty mth concentraltm 

The results of the determinations of electrical conductivities at 
difRsrent concentrations of Banum, Strontium and calaum amalgams 
are given in table III, IV and V respectively In each case the concen- 
tration has been expressed in two ways, once m terms of the number 
of gms of the metal in 100 gms of the amalgam, and second time in 
number of gm-atoms of the metal in 100 gm atoms of mercnry. 

Tablb III 

Blectnoal oonducttvtitee of Banum amalgame at JO^C. 

Resistivity of mercury at 30®C. “ 96 69 x 10*® 
Conductivity „ „ „ „ -1 0342x10* 


Conoentiation 

Resistivity 
of amalgam X 10'* 

Condnctivity of 
amalgam X 10* 

in gms. % of 
Ba. 

in gm atoms 
%ofBa. 

0-0412 

0-0602 

96 77 

10333 

0-1285 

0-1878 

96 96 

1*0313 

01337 

0-1954 

96 81 

10329 


0-2640 

96-87 

10323 


0-2983 

96-90 

10320 

0-2249 

0-3291 

96 83 

10327 

0-2338 

0-3422 

96 83 

1-0327 

0 2658 

0-3890 

96 88 

1*0323 

0-2853 

0-4178 

96-91 

1-0319 

0 3200 

0 4687 

96-96 

10313 

0-3327 


96-80 

10330 

0-3351 


96 79 

1-0331 

0*3372 

0-5234 

96 85 

1-0325 
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Table IV 

Bkctncal condutHvtitaa of Stroniium tmudgaiMM at 3(fC. 
Resistivity of mercury at 3(f C. ■ 96 69 X 10‘* 


Conductivity,, „ , „ ■10342x10* 


Concani 

in gms % of 
Sr. 

tration 

in gm-atoms. 
%of Sr 

Resistivity of 
amalgam X 10** 

Conductivity of 
amalgamx 10* 

0 0552 

0 1264 

96 54 

10356 

0 1297 

0 2974 

%27 

10386 

01714 


9610 

10406 

0 2201 


95 94 


0 2890 


95 66 


0 3877 


95 30 


0 4275 

0 9833 

9501 


0 4545 

1'0460 

94 80 



Table V 


Eleetnoal conducttvtUea ofCdlnum amalgama at 3(fC 
Resistivity of mercury at 3(fiC. ■ 96 69 X 10‘* 
Conductivity „ „ „ „ *=10342X10^ 


Concentration 

Resistivity of 
amalgam x 10** 

Condnctivity of 
amalgamx 10* 

m gms.% 
of Ca. 

u gm-atoms % 
of Ca. 

0 0097 

0 0485 

96 56 


0 0206 

0 1031 

96 46 


0 0225 

01127 

96 40 


0 0236 

01181 

96 40 

1-0373 


The resistivities of all the three amalgams are plotted down as 
ordinates against their respective concentrations as abscissa sad the 
curves so obtained are given m figs. (2), (3) and (4). 

Starting with pure mercury at the point A fig (2) the resistivity 
of Barium amalgam increases uniformly with concentration until it 
reaches a maxunum at about the point B, corresponding to the con* 
centration 0 130 gms % Banum. After this ooncentiatioii» there is a 
sharp break in the curve with an aimipt decrease in the resistivity. 

From the point C the resistivity again increases uniformly with 
concentration till the second discontinuity is reached at the point D, 
corresponding to the concentration of about 0 225 gms. % Banum. 

A third discontinuity occurs at tbe point F, oorreqxndixv to the 
concentration of about O' 325 gms. % Barium. 

















per Un gcuu flC 






ingpnnipff 100 
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In the case of Strontium theaMtion of tfaia metal dacnaaas the 
resistivity of mercury. Thus starting with pure mercury at the point 
A fig. (3), the resistivity decreases uniformly with concentration til 
the pomt B, corresponding to the concentration of about 0*39 gm. % 
Strontium, is reached. After this concentration the rata of decrease of 
resistivity with concentration suddenly increases. 

The range investigated m the case of Calcium amalgam is small; 
but in this region of concentrations the amalgam exhibits no peculiati* 
ties, and the resistivity decreases uniformly with concentration. 

(hi) Vanatton ttf vtsoonty vnth oonoentratton : — 

This investigation was confined only to the Barium amalgama; 
for of the three amalgams under consideration it is only the Barium 
amalgam that exhibits discontmuities on the oonductivity-oonoentratiap 
curve. The results of the investigation are given in table 6. 

Table VI. 

Viscosities of the Barium aumigama at C. 

Coefficient of Viscosity of mercury at 32** C. ~ 0*01506 


Density » „ „ „ — 13*516 gm/c.a 


Concentration. 

Density in gms. 
per C.C. 

Coefficient of 
viscosity 

in gms. of Ba. 

m gm-atoms 
%of Ba. 


0*0789 

13 50 

0*01593 


01233 

13*50 

0*01656 

0*1238 


13 49 

0*01736 

0*1522 

0*2225 

13 48 

0*01695 

0*1787 

0*2613 

13*47 

0*01690 


0*2964 

13 47 

0*01737 

0 2367 

0 3463 

13 47 

0 01748 

0 2671 


13*46 

0 01708 

0*3018 

0*4419 

13*46 

0*01776 

0*3124 

0 4576 

1345 

001794 

0*3443 


13*44 

0*01773 

0*3641 

0 5334 

13*44 

0*01731 


As can be gathered from table 6, the general effect of adding 
Barium even m small quantities to mercury is to mcrease the viscosity 
considerably. The coefficients of viscosity of twelve different Barram 
amalgams, contaming from 0.0540 gnu. % to 0.3641 gms. % of Bartum 
have been determined. 

The viscosity coefficients of the Barium emeigame have ben 
plotted as ordinates against the respective conoeatrationB ae ■iwrift a, 
and the curve so obtained is givn u fig. 5 
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Th 0 raralts dofinhaly indicate the eziatenee of time marima In the 
carve, in the range bvestigated, and that these maxima are sitnated at 
abont the oonoentrationa 0.125, 0 220 and 0.323 gnu. % ai Bamim, i.e., 
at almost the same concentrations at which the disoontumlties oocor in 
the electrical condoctivity concentration curve (6g. 2) 


(iv.) VartaHoft of Dtnnty with oonotnirattona ' — ^The deter- 
mbationa of the densities were also confined only to the Barium 
amalgams. The results are given in column three, table VI. 

The density oniformly decreases with increase m concentration, 
and the density concentration curve exhibits no peculiarities. (Fig. 6) 
If such actually exist, they are not prominent enough to be detected 
by method of measurement emplo 3 red here. 

(v) Venflcatton of Skaupy'a theory — Skaupy'* bases hu 
theory on an analogy between liquid metals and electrolytic solutions, 
assumes that the electrical conductivity of a pure solvent must be 
expressed as a function of the concentration of electrons and of the 
internal friction i. e , viscosity. 

He further assumes that dilute metallic solutions must show a 
higher electron concentration than the solvent as splitting off of the 
electrons occurs when the dissolved substance dusociates. The splitting 
op of neutral molecules mto ions and electrons u m accord with the law 
of mass action. 

The conductivity L of a metallic liquid is proportional to the 
electron concentration t, and inversely proportional to the mtemal 
friction (visoosity) i], and can be written 

s ■ constant X L X Y) (l) 

Taking logarithms of both sides and differentiating we obtam 

Ue- i.AL+ idn (2) 

e L Yj ' ' ' 


Let C "concentration of the substance dissolved m mercury expressed 
in gm. atoms per hundred gm. atoms of mercury. Dividmg by C the 
equation (2) becomes 


J ds ^ 1 

e C L C Yj C 


A expresses that we are dealing with fimte changes however small 
corresponding to small but finite concentrations, and we can substitute 
for L and y) the values for the pure solvent. 

Puttug 


i Ae . „ 1 AL 

• C L "C 

we obtain from (3) 

H - /+ f 


ml and ■ f 

Y) C 





0.05 0-10 0-15 0^20 

ConpwrtTaU on of Barfam in ffrma p»r lOft gwMw 
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which for lafmits dilution can bo exproBoed u 


Skaapy showed in the first paper that la has appiaximatdjr the aama 
value for a nnmber of metals dissolved m mercnry. 

The rule that fa has approximately the same value for all metals 
does not hold m the case of some alkab amalgams, for f has a negative 
valoe in these cases. The difficulty was not removed until H. Fennigiet’a 
work^' showed the increased value cd the viscosity for these amalgams. 

If this IB taken into account, we obtam the more general rule that 


shoold have the same order of magnitude for different metab dissolved 
in mercnry. 

The necessary quantities are calculated and are entered in table 7. 
Table VII. 


Co-efficient of viscosity of mercnry at 30**C. ■ 0*01516. 
Electrical conductivity „ „ „ 1*0342 X 10*. 



Concen 

tratioD. 

(c) 

Conducti- 
vity -X 10* 

(L) 


al 


KW+r 


L c 

n c 

Ba. Amalgam 

01810 

02964 

04419 

0-6044 

1^17 

1<0320 

IKiaiG 

1*0328 

001736. 

0 01737 
0-01776 

0 01773 

-0'0134 

-0*0072 

-0*0056 

-00027 

&8437 

0-6175 

04049 

0^16 

liii 

Sr. Amalgam 

0-1264 

0.2974 

1(^356 

1*0386 

0-01598 

04)1708 

00092 

001269 

0-4224 

04233 

04318 

04300 

Na. Amalgam 

0-4571 

24)04 

1*0178 

1*0247 

0-0226 

001856 

-007381 

-00028 

1081 

00833 

1004 

00800 

K. Amalgam 

0-3482 

0-3594 

1 

14)058 

1*0027 

aoi85d 

0*01767 

-007886 

-005446 

0-0045 

02823 

00267 

02278 


N.B . — These conductivity and viscosity values of the amalgams 
are at about 30®C. Values of the electrical conductivities and 
viscosities for the Sodium and Potassium amalgams have been bbtain- 
ed from the works of Bohanwala* and Bhave.’ 

The values of H are given m the last column of 7 for foor 
different amalgams vit, those of Barium, Strontium, ftvHiim, ukl 
Fotassinm, 

The values (rf H have a tendem^ to increase with decnaaii« eon* 

centrations m all except the Strontium aiMlgnm. Thus it a|i|Maca.tfaat 
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TtloM of Ha lor tbeie nmalgifM trill bava a modi graater valiiB tfiaa 
tboM At tbo ooooMitntkiiu givaa. 

Tbs valoas of Ha for Gold and other amolganiB bava bean shown 
by Skaapy,^ WiUiams,^ etc., to be of the order of 0*10. Thu value 
of Ha for tbese amalgams wUl differ appreciably from the value ex- 
psetad from the mle that Ha is of ttie saim order of magnitoda for all 
metals dissalved m mercury. It, thu, se ems that this mle does not 
hold good for the four amalgams esamined. 

DISCUSSION. 

The results of the work dou on dilute liquid amalgams of Barium 
by the authors and other workers bring out the remarkable similarity 
betweem this amalgam and those of Sodium and Potassium. Thu 
Barium, like Sodinm and Potassium when dissolved in mercury lowers 
the conductivity ci the latter. The oonducttvity-oonoentration curve 
of Bariom amalgam exhibits discontinuities at oertam concentrations. 
The condnctivity-coDcentiation curves of Sodium and Potassium also 
exhibit similar discontmnities (Bohariwala*). The viscoaity-concentia- 
tion curve of Banum amalgam shows maxima at the concentratiou 
where the disoontinmties exist on the conductivity-cmioentration curve. 
The viscosity*concectiatk>n curves of Sodium and Potassium amalgams 
also exhibit sunilar maxima (Bhave*). On the passage of an electnc 
current through dilute liquid a mal g ams of Sodium, Potas^nm and 
Banum, the amalgamated metal gathers round the anode (Lewis, 
Adam and Lanmann* ; Le Blanc uid jAcks^^. But the transference 
of the metals. Sodium, Potassium and Banum, towards the anode holds 
good upto a oertun concentration only (2.0% Na, 2 5% K. and 2.7% Ba) ; 
after this concentratioa a reversal m the direction of migration takes 
place, m each case towards the cathode (R. Kremann and co* workers'*). 
Thu the behavioar of dilute liquid amalgams of Barium is m every re* 
spect similar to the behavioar ci the dilute liquid of Sodium 

and Potauium. 

The S tioutiuui and Caloum amalgams, however, resemble the 
Lithium "twAigam On the addition of Strontium or Caldnm the 
electrical conductivity of mercury mcreasu. Lithium when dissolved 
in mercury has also been shown to mcrease the conductivity of the 
latter (Hine* and Bobanwala*). On the passage of a current through 
dilute liquid amalgams of these metals, the amalgamated metal gathers 
round the cathoda in each case (Le Blanc and Jacks'* ; R. Kremann 
and co-workers'*}. 

The dilute liquid amalgims of the alkali and aHrsHne earth metab 
can thu be grouped into two rluses. The first compnau the Sodfaun, 
Potaaaium and Banum amalgams and the second thou of Litbiam, 
Strontiam and Cakfaim. 
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The ootetandiiig tetores of thefint gioap an tint, tlie dectrical 
conductivities of amalgams belonging to this graap an kaa than Oat of 
pun mercnry, and that on the passage ofacnmut tlMsa 

dilute amalgams, the amalgamated metal travels to the anodSi 

The features of the second group an that, the abcttkal oondoo* 
tivities of amalgams b tbs group an greater than that of pun mannty, 
and that on the passage of a current throat dilute liquid amalgams 
of tbs group, the ninalgainftta<t metal goes to the ca t hodni 

The behaviour (rf both these groups can be explained btiis 
following manner. 

When a metal is dissolved b a non-metalhc solvent, as Sodmin in 
liquid ammonia, it dissociates according to the theory of Knua,** bto 
positive ions ( sodium ions } and negative electrons, which may be, in 
part, combined with the molecules of the solvent When an dectric 
current is passed through such a solution, the dissolved metal is earned 
with the positive current 

It does not seem unreasonable if we assume^ like Lewis, Adams 
and Lanmann* that the alkali and alkahne earth metals, when dissolved 
m a far leas positive metal like mercury, would behave m a like 
manner. 

Thus any of these metals, when dissolved m mercnry would get 
ionised to a considerable extent tbe concentration of electrons would 
mcrease and there would be an berease m the conductivity of the 
amalgam. Moreover on the passage of a current throocdi dilute amal* 
gam of any of these metals the positive ion ( the alkali or 
earth metal ion b this case ) would travel towards the cathode. 

But u mentioned earlier, experiments prove that the befaavioor of 
dilute solutions of Sodium, Potassium andBanum m mercury is exactly 
contrary. 

Lewis, Adams and Lanmann* have explained this peculiar bahavi* 
our b the following words .— 

" A clue to the mterprebtkm ^ this apparently mystenoos trsns* 
ference effect m amalgams is found when we examine the corvee relat* 
ing the electrical conductivities and the compositions of liquid amal* 
gams of Sodium and Potassium. Bomemann and Mnlier have shown 
that the electrical conductivity of mercury is lowered by the addition 
of Sodium. 

Now, unless the Sodium diminishes the number of electroos whtdi 
take part in the condnction, which seema unprobaUe, this change of 
conductivity must be due to a diminution of the avenge mobility of dm 
electrons. Probably the atoms of Sodinm whidi are dissolved b 
mercnry, are not there chiefly as such, but rather aa nudei of large 
aggregates of mercnry atoms. Be this aa it may, we can a 

dilute a m a l ga m as composed of small regions whose oentrea are tbe 
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■temi, embedded in a man wUdi baa all the ptiqiertlm of 
pan maraity. If an electna meeting one of theae legiona dnring the 
paaaage of ^ cnrrent ia on the average retarded, whether fay the 
greater impenetrability of that region or fay any kind of reflection or 
refraction then, b7 the law of action and reaction, the region oontainiiig 
the Sodinm atom will be impelled m the direction of the negatave 
cnrrent." 

This eagilanation of Lewis, Adams and Lanmann* at onoeexplaiiia 
the decrease in oondnctivity and the tranaference of the amalgamated 
metal towards the anode in the case of Sodinm, Potassinm and Bariom 
amalgams. Bnt this assumption <rf the process of solvation, or the 
combination with flte solvent, is not only necessary to explain the be- 
havioor of Sodinm, Potassium and Bannm amalgams. This hypothesis 
IS necessary in the case of Calanm, Stroptnun and Lithium amalgntnf, 
For the amalgams of the alkali and alkaline earth metals behave ab- 
normally as regards then: vapour pressure, solution tensions and difin- 
Sion velocities (Ramsay**; C. McP. Smith**). The assumption of 
solvation satishwtonly explains these abnormalities 

C. McP. Smith** explained this behaviour on the assumption that 
compound formation takes place and the molecole of the compounds 
thus formed contains only one atom of the amalgamated metal and a 
number of atoms of mercury. This his idea of componnd formation is 
not however much different from the solvation process which Lewis, 
Adams and Lanmann imagine. 

It can thus be assumed that an alkali or alkaline earth metal on 
going into solution m mercury first gets ionised, splitting mto electrons 
and positive ions The mercury atoms then gather on the positive 
ions, thus forming an aggregate of mercury with the positive ion as 
nucleus. The degree oi solvation is, however, different for different 
metals. 

The ooncentratiob ei the electrons is thus increased, bnt the electri- 
cal conductivity which depends also on the mobility of electrons will 
increase or decrease according as the mobihty of the electrons increases 
or decreases. If the solvation is considerable the mobility of elec- 
trons, as explained above, decreases considerably and the conductivity 
decreases; but if the solvation is not much, the mobility of the elec- 
tnas is not changed appreciably and the conductivity increases. 

The positive ion with its aggregate of mercury atoms has atenden^, 
doe to the imposed E.M.P., to travel towards the cathode; bnt due to 
the bombardment of the electrons, on the passage of the electric cur- 
rent, the positive ion with its aggregate of mercury atoms is repelled to- 
wards the anode. The direction of transference of the metal depends 
on whidi of these two tendenciea predominates. If there is good deal 
of solvation the amalgamated metid is forced towards tbs anode. If 
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the solvationB u not aK>reciabla tha amalgMnAtwd nwtal movw to* 
wards ths cathode. Thus whether the oondncdvity will deeteaM and 
the metal will travel towards the anode or whatfaar the oondnctivity 
will increase and the amalgamated metal will travel towards the 
cathode is determined by the degree of solvation which tha metal no* 
dergoes. If the solvation is considetabla tha conductivity decraaaei 
and the metal travels towards the anode. To this class belong tha 
dilute nmnlgnina of Sodium, Potassium and Barmin. If tha solvation 
18 not considerable, the conductivity ucreasea and the metal travels 
towards the cathode. This is what happens m the case of dilute 
Amnlffamii of the Lithium, Strootram and Calanm metals. 

The reversal m the direction of migration during electrolysis 
which R. Kramann^* and others observed m the case of liquid Sodiumi 
Potassium and Barium amalgams at oonoentiations 2 0% Sodium, 2*5% 
Potassium and 2 7% Barium, can be explained as the tendency, of 
going to the cathode, of the positive ion with its aggregate of mercury 
atoms, attaming predominance at these concentrations over its repolsion 
towards the anode doe to the bombardment of electrons. 

The departure exhibited by the amalgams of Sodium, Potassium, 
Barium and Strontium from Skaupy’s theory of conduction, for ths 
liquid amalgams, becomes clear from this pomt of view ; for Skanpy as* 
suraed that the amalgamated metal dissociates mto electrons and posi- 
tive ions on going mto solution with mercury and that the positive ions 
exist as such in the solution. But due to the solvation that takes place, 
the viscosity mcreases abnormally, and the value of Ha m these cases 
has therefore a much higher value than those for other metals. 

The assumption of the process of solvation is further supported 
by the investigations of Bhave* on the viscosities of dilute amnlgnma of 
Sodium, and Potassium, and those of the authors on Barium amalgams, 
record in this paper. The viscosity-concentmtion carves of these 
amalgams show maxima at certain concentrations. These maTima are 
held to mdicate some form of molecular aggregation ( A. E. Dunstao 
and Thole, Vtsconty ttf Liquids pp. 46 ). 

SUMMARY. 

The experunental mvestigation is confined to the dilute liquid 
amalgams of the alkaline earth metals. The conoentratKm rangM 
investigated are as foUows 

0.000 to 0.364 gms. % of Barium, 

O.OOO to 0.4545 n mm Strontium, 

0.000 to 0.023 „ MM Ualdum. 

(1) The electrical conductivities and visooeitiee of Wfinm 
Strontium amalgams suffer no change with tfme, 
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(2) The electrical ooodactivity of mercniy decreaiea on ttie addi* 
tk» of Baritun, and the electncal-coodnctivily-oonoentration corva of 
Barium amalgam exhiUts diicontumities at the oonoentntkiiia, 0*1J(^ 
0.225 and 0.323 gms. % of Bannm. The electrical oondoctivitieB of 
Strontom and Caldmn amalgame increase nnifonnly with oonoentia- 
tioo. 

(3) The viiooeitf of mercDiy on theaddhioaflf BanomincnoaeB 
and visoosit 7 <ooncentratkin curve of Barium amalgsm exhibits mamma 
at the conoentratioiis at which the disoontmuitiea occur on the eleo> 
tncal-oouductivity'COiDcentntion curve. 

(4) The density of Bannm amalgam decreases uniformly with 
ooncoottAbODe 

(5) The behavioor of dilute amalgams of the alkali and alkahne 
earth metals is examined in the light (A diflhrent theories, particularly 
foose of Skanpy and Lewis. 
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DIHYDRORESORCINOLS PART III. TH^JCONDENSATION 
OF ALDEHYDES WITH CYCLOHEXANE-SPIRO- 
CYCLOHEXANE-3:5-DIONE. 

Bit 

RANCHHODJl DMIBIlAl DBSAI. 

In contuuation of tbo antbor’s workondihydronsordnob [J.C.S.T. 
(1932), 1079 also in press.] it was thoogfat interesting to oondense the 
spiro compoond, cydohexane-spmKycIohexane- 3 S-dione (l) with 
aldehydes in order to see how iax its behavionr resembled that of 
dunethyldihydnvesorcinol, as it has, sometimea, been observed *lu»* the 
derivatives of cydobeaane differ chemically from their dimethyl 
anaiogoes. [Compare Desai J. C.S. (1932) 1081 ; Beasley Ingdd and 
Thorpe, J.C.S. (1915), 1081 ; Qudrar-i.Khnda. J.C.S. (1929), 201.J 

The actioa of benzaldehyde and saliqrlaldehyde on the dione (I) at 
the ordinary temperature, m presence of pipendine as a 
agent, gave benzal-bis-cyc l o h e x an e -spgo-cyclohe»aiie-3 5-dione (II) and 

aalical-biB-cycloheiouie-spiro-cyclohexane-S S-dione (III). Under the 
influence of ddiydratug agents hire acetic anhydride^ glacial acetic acid 
or gaseous hydrogen chloride, the compoond (II) gave nee to 2-spito- 
cyclobezane-4. 5-diketo<7<8piio-cycIohenne-9-pfaenyl*octahydroxanthena 
(IV). The dehydration of the salical denvatnre (III) can give rise to* 
either, the octahydrozanthene derivative (V) or the pytan denvative 
(VI). 



I. 




«iDi«fiiQiiiutioirof Aimnntf' 


CHr-CH, VS 


CO-CH> CHt-CHf 

,„/«*<co-ch:>«ch:-ch.>“- 

CO-CHi CHi-CHa 
III. 

CO < CH.C|H| CO 


*L<ch.-ch.>ch, 


CH|~CH, 


CO CH CO 


CH,-CH, 


H* CH, 0 CH. CH,-CH, 
V. 

r H« C H, CH, 


CH* CH, \ 


c 


CO-CH, 

H< >C 

CO-CH, A 

CH, CH, 

CH, 

CH,V 
I CH, 


That the aetnal prodnct fonned b the octahydfoxa nth eoe dertva* 
tive (V) b proved by the fiot that when aoetybalkybUebyde b con* 
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denaad with th« diona (I), tho aootyl-sihGal-bifl-CTclolMnjM-^^ 
cyckhaauM- J. 5-dioiie (VIl}i which la fint ionned, andstgooB dahydra- 
tion to the xanthene derivative, which la formad by the aoetylatioa 
of(V). 


C 


)c«/ 


Co- CH. ^ 


CO-CH, CO-CH, ^^CH,-CH,^ 
VIL 


Tbe Omdensation of sahcylaldehyde with tho chono (l) in prosonoe 
of gaseous hydrogen cblonde as a condensing agent took a diflhrent 
coursdi and a scarlet compooDd was formed* This was foond to 
be 2-8piro-cyclohexane'+-keto-tettahydroben20-pyranol-anhydrochIoride 

[(VUl) or {Vin)A] . Of the two alternative formulae (VIII) or (VIII^i 
the latter is prefened because the presence of the Ortho-qmDonoid 
grouping in the benzene nnclena explains satisfactorily the colour of the 
anhydrochloride. 


CHi O 


CH,< 



Cl 



The fonnation of the anhydrochloride (VIII^A) mnet have involved 
the intermediate formation of aalk^lidene-cyclohexane-epiroKTckiliex^ 
3 • 5'dione (IX), but attempte to prepare it by the of 

aalicylalddiyde with the dune (1) either «iV «i h« or n rvW the of 

vtrieas alkaline aa wril ae add catatyati mm . Siiocta wei% ttun 
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iwA to propara it by the alkaline bydtoIyBio at (Vin,A) ; bat the 
ashydrodilonde was fonod to be extraordinarily rasistant to the 
hydrolytic action of Caustic nilmli- The only product that could be 
lanlatif ms the ftoo boso (X) Corresponding to the anhydrochlonde. 
Thus the behaviour of cyclohexaDe<spito-cyc]ohexane-3.5-dioiie^ was 
aimiiar to that of dimethyldihydroiosorcinol, so far as the oondensatioa 
ol banalddiyde and sahcyl-aldehyde was concerned. 


CHi< 


CHi-CHi CH,-CO 
CH,-CH, ^"^CH,-CO 


>C-CH/ 


OH 


\ 

J 


CH,< 


IX. 

CHi O-OH 



Bxpenmenlal. 

Cyclohexane'Spiro*cyclohexane-3.5‘dione was prepared by the 
method of Noms and Thorpe [ J. C. S. (l92l). 1203 ] . When its al* 
oobolic solution was treated with an excess of [40%] formaldehyde 
solution at ordinary temperature, methyUm'bt^-cstdahtxant-ifitra- 
eyelohtxam-li-dtotu was immediately precipitated, and melted at 
206^ aooocdmg to the above authors. 

2-Sptra-effGlah€xan«4 S-dtkeio-7-^ro-cycloh«xan0-cctakydroxan» 
ilutit. The above methylene derivative (l g.) was heated with acetic 
anhydride (See.) on a free flame for 2 hours, and the excess of the 
anhydride decomposed by adding water The precipitated solid was 
crystallised from dilute alcohol when white, prismatic needles melting 
at 215° were obtained. It was soluble easily in acetone, and ^beial 
acetic acid, but sparingly m benzene (found C, 77>8 ; H, 8 6 , Cn HwOi 
requites C, 78 0 ; H, 8 47 percents). 

(//) B«HMal4na<yelQhexaiie-i^ro<lfcloh«xan*-3 S-dioue. 

A mixture oi benzaldehyde (2 g.), qrclohexanespiro>cyclobexane-3:5 
dione(3 5 (0, dry benzene ( 25 cx.) and piperidine (4 drops) was kept at 
the ordinary tfmperatnre tot 12 houra The residue left after remov'. 
ing benzene under suction, was crystallised from dilate alcohol when 
lustrous needles melting at 132-133° weraobtained. Its alcohohe sotu- 
tkm gave red ooloaratkm with ferric diloride solution. ( found C, 77*6 . 
H, 8 ‘ 1 , Csi Hm O 4 requires C, 77*7 , H, 8*0 percents). 

I 
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2-Sptro-cyclohexaneA*b‘dtheto-1^9piro<ydohmfni-^^thenyl>oda^ 
hydroxanthene (IV). When the above compound (1 g.) was heated 
with acetic anhydride (5 c c.) on a free flame for 10*15 minuteSf and the 
excess of the anhydride decomposed with water, a solid was precipitatecL 
When crystallised from alcohol, the odahydroxcn^hene derivative was 
obtamed m flat, prismatic needles, melting at 188*189^. This substance 
did not give any colouration with ferric chloride and was insolablo in 
Sodium Carbonate solution ( found C, 80 6 ; H, 8 1 ; 0| requires 

C, 80 9 , H, 7 9 ; percents )• 

Saltcdl-bts-cydohexafie-sptfocyclohexafie-i S-dtone (111). A mixture 
of solicyl-aldehyde (2 g), cyclohexane-spiro-cyclohexane 3 S-dione (3 5g ), 
dry benzene (20 c.c ) and piperidine (4 to 5 drops) was left at the room 
temperature for 12 hours. The benzene was removed at the pump, and 
the solid crystallised from dilute alcohol, when white needles melting at 
185^ were obtained It dissolved m Sodium Carbonate solution, and its 
alcohohc solution gave violet colouration with feme chloride ( found 
C, 74*9 ; H, 7 62 , Cn Hm Ob requires C, 75*0 , H, 7*76 percents). 

2‘Sptro-cyclohexaneA S‘dtkeio-7~^rO‘Cyclohexafte -9-0- hydroxy* 
phenyl*octahydro Xanthene (V). The above compound (igm.) was 
boiled with glacial acetic acid (I5c c.) for 3-4 hours , on dilution, white 
needles melting at 193-194^ were obtained. This substance also gave 
violet colouration with feme chloride and was soluble m sodium car* 
bonate solution It was also formed by saturating its absolute alcoholic 
solution with dry hydrogen chloride, and keeping the mixture over- 
night ( found C, 77 7 , H, 7.8 ; Ci» Hm O 4 requires C, 78*0 H, 7 6 
percents). 

The acciyl denvattve was prepared by heating either the com- 
pound (111) or (V) with acetic anhydride for half an hour on a sand- 
bath. The excess of acetic anhydride was decomposed with water, and 
the solid crystallised from dilute alcohol, when prismatic needles melt- 
ing at 183-184^ were obtained. It did not give colouration with feme 
chloride (found C, 76 1 ; H, 7 6 , Cn Hm 0 i requires C, 76*2 ; H, 7-5 
percents ). 

Acetyl3altcal-bis<yclohexane*sptro-cycloh€xcffte-3.S*dtone{Vll)» A 
mixture of acetylsalicyl aldehyde ( 1 2 g. ) cyclohexane-epiro-cyclohex- 
ane-3 5-dione (I 8 g ), dry benzene (10 c.c.) and pipendme (3 to 4 drops) 
was kept at ordinary temperature for 12 hours. The solid, left after 
the removal of benzene was crystallised from dilute alcohol, when 
^hite needles melting at 190^ were obtamed. Its alcoholic solution 
gave brown colouration with feme chloride solution ( found C, 73'4 J 
H, 7 7 , Cji Hb 8 0i roqmres C, 73 5 , H, 7 3 ; percents ). 

When this compound was dehydrated by means of acetic anhy- 
dride or glacial acetic aad, the resulting product melted at 183 - 184 ^, 
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•ad ms klentified as the acetyl denvatlve of (V), by meane of mized 
oa. p. 

Z-SipirocydohexaneA'keitht^rahydrobettKO-PynmolanhydrocMori- 
de (VIII, A). A solntion of cyclohexane spiio-cydobex8De-3‘5-dione 
(igj, and aahcylaldehyde (0 7g.) m methyl alcohol (10c.c.) ms aatnrated 
with a rapid current of dry hydrogen chloride at 0*. The solution be- 
came dark-red and viscous, and on keeping overnight, deep red crystals 
were deposited. These were filtered off, and washed on the filter paper 
with methyl alcohol saturated with dry hydrogen chloride. The sub- 
stance did not melt below 300**, and began to decompose on exposure 
to moist air. It was sparingly soluble m usual organic solvents. The 
sample for analysis was dried in a vacuum over caustic potash ( found 
C, 71 3 , H, 6-4; Cl, 1 1-5, Cu Hu 0* Cl requires C, 71-4 ; H, 6 28 ; Cl, 
11 7; percents). 

Th» Anhydrobaae was prepared tqr adding sodium acetate so Hi hon 
to the warm solutran of the anhydrochloride in a large excess oi ethyl 
alcohol. The pale pinkish powder that was precipitated was filtered 
off, and washed alternately with water, alcohol, and ether. Spannidy 
soluble m almost all the organic solvents, the substance charred at 
about 300** without melting. The original deep-red colour of the anhy- 
drodiloride was restored if it was left in contact with metiiyl alcohol 
saturated with dry hydrogen chlonde. The anhydrobaae was recovered 
unchanged after heating with a concentrated solution of al<yihobc 
caustic potash (found C, 75*8 , H, 7*2 ; Cu Hio Oi requires C, 76'0; 
H, 7 0 percents ). 

The above work was earned out at the Impenal of 

Science and Tecluology, London, and I express my grateful ttmnUp to 
Proft J. F. Thorpe C. B. E., F. R. S., for his kind interest ned encour- 
agement, to the Bombay University for the award of a Scholarship^ 
and to the Chemical Society, London, for a grant that partly defrayed 
the cost 

Musitm Umvtmty, | 

Altgarh. J 



NITRIFICATION OF OIL CAKES IN THE TYPICAL 
SOILS OF THE BOMBAY PRESIDENCY 
Bw 

D L. SAHASRABUDDHB. M.Ag,M.Sc, 

AND 

D H. GOKHALB, M Ag 


1. Introductton. 

Nitrogenous manures are important and thev value is usually 
judged by the percentage of Nitrogen they contain but the real value cd 
BQch a manure can be judged by the rate at which the nitrogen be* 
comes available to the crop. Nitrogen is generally taken up by plants 
in the form of mtrates The rate of nitrification may therefore be taken 
as a measure to find out the value of a mtrogenons manure. The rate 
of mtrification depends not merely on the nature of the organic matter 
but also on the nature of the soil to which the mtrogenous numure is 
applied. The value of the oil-cakes used as manure depends on the 
per cent, of mtrogen and also on the rate of mtrification. The latter may 
vary according to the nature of the sod. 

In India mtrification of green manures has been worked by Joshl 
( 1919) and the mtrification of od-cakes like the Tdli (sesamnm ori- 
entale ), Karanj ( Ipomea glabra ), Castor Linseed etc., on typical 
sods of Central Provinces and Berar was worked by Plymen and Bal 
( 1919 ). They found that the rate of nitrification was diflhrent for 
different od-cakes and for the same od-cake it varied with the Htyi of 
sod. The object of the work described m this paper was to study die 
rate of rntrification of some important od-cakes on the typical and un* 
portant sods of the Bombay Presidency. The od-cakes s e l e c ted wen 
the (1) Groundnut cake, (2) Castor cake and (3) Safflower eaU and 
the sods used were the (l) Medium Black sod derived from the trap 
( Poona District ), (2) Latente sod from the Tuiganm District and 
(3) the Goradn alluvial sod of the Kaira District. 

The following figures indicate the aatun of the ecdla, 
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Table No. 1. 



Medium Black 
soiL 

Latente 

soiL 

Goradu 

soiL 

Maximum water holding 

1 

% 

% 

% 

capacity. 

48 

38 

<20 

Sticky pomt ( Moisture at ) 

26 4 

16 7 

6*4 

Retentive portion. 

66 

49 

28 

Nonretentive portion. 
Copillanty nae in CentimeterB. 

34 

51 

72 

3 hoars. 

23 

7-5 

12-1 

3 days. 

42 4 

59 8 

74-5 

5 days. 

701 

80-1 

80-2 

8 da]^ 

106 2 

97-5 

83*8 

Loss on Ignition. 

1149 

8 35 

4 30 

Lime ( CaO ) 

615 

0 17 

1-42 


The composition of the oil-cakes used was as follows. 
Table No. 2. 



Safflower 

cake. 

Per oent 

Groundnut 

cake. 

Pet cent 

Castor 
cake. 
Pet cent 

Moisture. 

9 95 

3 62 

4*55 


On oven dry matter 

Ether Extract. 

4-59 

10 53 

5*13 

*Albominoids. 

32*25 

53 57 

2518 

Woody fibre. 

16 72 

4 40 

9 54 

Other Carbohydrates. 

29 21 

23*53 

49*97 

*Containuig Nitrogen. 

5 16 

8 57 

4 03 


2. Plan qf E^^rtments. 

In order to ensnre even sampling of the oil cakes, a sample of 
each was passed through a handmiU twice before it was taken for 
ezpenment. The uniformly ground sample was then sterilized in an 
Autoclave at 120'C. for an hour and then mixed with the soil 

Three sets for three dlfibrent soils were arranged each oontaining 
five trays filled with 1000 grams of soil which was previously sampled 
and passed through 1 nun. sieve. Of the five trays the first received 
SafSower cake, the second received 3% Groundnut cake, tiie third 
ncsivpd 3% Castor cake an4 tho fourth rs^eived a sample of 3% fat- 
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free Groaodnat cako for ocnupotstive obaervationa and to note if either 
the preeonoa or absence of the high percentage (rf oil in the cakes af- 
fected the Ditrifiability of the cakes. The fifth tray was the Control 
and received no cake. 

Two more similar sets— -one for the Laterite and the other for the 
Goradu soil — were filled up. A thorough mixing up was ensured by a 
number of nitrogen determinations from each of the trays. 

At the start of the experiment moisture equivalent to 50% of the 
maximum water holding capacity of the respective soils (givii^ the 
optimum conditions of moisture ) was added and evenly distributed by 
sampling. The loss of moisture due to normal evaporation was made 
up twice every week m order to maintain uniform moisture conditiODS. 
All trays were kept withm a narrow limit of varying temper a t u re 
namely between 2T^ and 30^C. 

All the samples were analysed every fortnight and the following 
determinations were made 

I. Nitrogen in all forms including 

(a) Total nitrogen. 

(b) Ammoniacal Nitrogen. 

(c) Nitrate and Nitrite Nitrogen. 

3. Method qf Analysis 

( a) Toicd Nitrogen* 

20 grams of a sample soil was treated aocordmg to the Official 
Methods of Analysis (1921). 

(b) Ammoniacal Nitrogen* 

50 grams of the soil sampled was shaken with a solution of 
Sodium Chloride for half an hour and on aliquot portion of the extract 
was distilled over Magnesium Oxide and Ammonia was estimated as 
usual (McLean and Robinson (19^4) ). 

( o) Nitratt and Niinte Nitrogen* 

The Gness Ilosway method for the determinations of nitrites and 
the Phenol Dieulphonic acid method for the determlnatiQDS of ttie 
nitrates were employed. In both cases the standard Tinto-meter glasinn 
were used for matching the developed colour. 

It was found that the extracts of the samples witti Groundnut 
cake were turbid on account of the fine suspended and Om 

extracts with Safflower cako were coloured j^eilow* TUp Int erhn pl 
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with the estimations and therefore the following method suggested by 
Syme (1909) was used to remove the difficulty ; — 

About 50 CiC. of the soil extract was heated to about 50^ to 
60^C. and treated with 1 c.c. of dilute (i to 5) Sulphuric acid followed 
by an excess of Potassium permanganate (5 to 10 grama dissolved in a 
litre) which is added from a burette. The extract is heated for 15 
minutes on a water bath, more Potassium permanganate solution being 
added from time to time if required. The whole is filtered and the 
filtrate made sh^tly alkaline with Sodium Carbonate and evaporated 
to dryness on a water bath. The^esidue is taken up with water and 
filtered and the filtrate u made up to 50 c c. and the Nitrates estimat- 
ed as usual In sudi a case the nitrites originally present turned into 
nitrates. 

4. Nttrogfm Changes q/OW Cahes tn Sals, 

Of all the chemical changes that take place during the process of 
nitrification of the mtrogenous organic matter in the soJ, ammonific- 
atioD marks a very definite and readily perceptible change. The 
estimation of ammoniacal nitrogen of the samples at regular intervals 
of time would give a fair idea with regard to the comparative rates of 
decomposition of the samples of oil-cakes used in the experiment. The 
three different sets with the three different soils have given appreciably 
different results and therefore it is proposed to examine them separate- 
ly* 

In all 8 determinations at regular stages were made mcluding the 
observations at the start and extending over a period of 100 days. 

(a) Medium Bladk Sal, 

Table No. 3. 

Milligrams of ammoniacal nitrogen per 100 grams of oven dry soil. 


Timi. 

Grooadnat 

Cake. 

Ordinary. 

Grouodnat 

Cake. 

Fat-Free. 

Safilower. 

C^e. 

Castor 

Cake. 

Control 

0 dasr.. 

0 51 

0-53 

Trace. 

Trace. 

Trace. 

14 day.! 

612 

586 

2-70 

241 

045 

28 days. 

11 19 

10 38 

500 

4-54 

094 

42 d^ 

16<40 

15-34 

8-08 

7-28 


56 days. 

28 23 

26 21 

12 45 

11-60 


70 days. 

49-72 

37 56 

18-26 

16 31 


84 days. 

71-39 

47-13 

21-91 

22*18 


100 ds^ 

92-21 

64 35 

26-65 

27-40 

lil 
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The figures presented in the above table show clearly enoogh tbe 
different degrees of anunonification in tbe different samples of ml cakes 
used Taking the Groundnut cake, we find the ammoniacal mtrogen^ 
content of the sample is increased day after day until at tbe end of 100 
days, 92 nulligrams of ammoniacal nitrogen is found per 100 grams of 
oven dry soiL If we examine the figures for all diflbrent stages at 
which the samples were analysed it can be seen that there is a gradual 
rise in the ammoniacal mtrogen contents throughout. 

In the case of tbe fat-free Groundnut cake the ammonification it 
appreciably lower than the ordinary cake This suggests that either 
the removing of fat results in the lowering of the rate of decomposition 
or that the extraction of the fat by Ether might have affected an anti* 
biotic condition if ammonification is regarded as a bio-chemical change. 
Playmen and Bal (1919) have not found the fat-free TUt cake inferior 
to the ordinary cake in their experiments where they seem to have 
made a comparative study of the ordinary Till cake and the £at*frae 
Tilt cake as has been done m the case of Groundnut cake in these 
experiments. The comparative study made here suggests that the 
process of ammonification is not a purely chemical process. If it were 
so there should not have been so much difference m the ammoxufiabi- 
lity of the ordinary Groundnut cake and the fat-free Groundnut cake 
because these two samples are under precisely identical conditions 
otherwise. Taking also the view that ammomfication is an auto- 
catalytic c ha nge we find that both tbe samples had a fairly equal start 
and the differences brought about in the later stages were due to other 
non-chemical influences. There is a very important suggestion made 
by Subramhanyan (1925) that ammomfication is an enzyme action. It 
19 quite probable from this point of view that the enz3rmeB present m 
the Groundnut cake were either destroyed in the process of extraction 
by Ether or were extracted along with the fat. 

Considering next the figures obtamed in the case of the Safflower 
cake and the Castor cake it can be seen that both of them are sbw 
and compete closely in the extent of decomposition. Tbe SafSower 
cake is richer in nitrogen content by 1% than the Castor cake but is 
slightly slower in ammomfication because it contains 16% woody fibre 
as against 9% m the Castor cake (Table No. l). The Groundont cake 
of course contains the lowest amount of woody fibre being only 4% 
which also speaks in favour of its rapid decomposition. 

In presenting the nitrification figures they are given as nitrogen 
nitrified per 100 grammes of the original total mtrogen present in tbe 
various samples, because these figures would be easily ccxnparable 
although the percent of nitrogen may bo different m different oil-cakes. 
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Ta9U9 No. 4. 

( Nitrification d varioag oil cakes. ) 

Nltrlfiecl nitrogen per 100 grammes of the total nitrogea praaent.' 


Time* 

Groundnut 

Cake. 

Ordinary. 

Groundnut 

cake. 

Fat-free. 

Safflower 

cske. 

Castor 

cake. 

Control 

0 days. 

0-SS 

0-32 

Bi 

0-46 

0-30 

14 days. 

2-42 

1-74 


2*14 

1*12 

28 

3*13 

3-06 

4-35 

4*98 

1-54 

42 days 

9-44 

6-72 

6-38 

8-08 

2-13 

56 days. 

17 26 

10-52 

862 

n-44 

2-83 

70 days. 

23 32 

16-81 


16-28 

3-21 

84 days. 

33 64 

27 20 


2024 

3 22 

100 days. 

41 82 

34 40 


24 33 

3-19 


A glance at Table Na 3 shows the di£ferant degrees of nitrifioatioa 
of the difibrent oil cakes. They stand jnat in the same order aa (hay 
stood in the aminonification process and therefore there are leaaona to 
suppose that there Is some inter-depending oonneetfon between amnioni« 
fication and nitrification although Lifdiam and Borges (1917) say 
that'— 

** The ammonifiabihty data of fertiliser nitrogen in soils ars not 
osefol indication of nitnfiability data on the same fertiliser and op the 
same soil." 

Thus 41% of the total mtrogen in tbs ordinary Groondnot cake is 
nitrified in a period of 100 days while only 34% of tbs total nitregsn ip 
the fat-free Groondnat cake is oxidised withm the <wne period. BvM 
if the Blanks which are common to all the samples ate deducted the 
comparative value remains the same. It is sgam indioalsd here 
either the extraction of oil cake or the method of sstmetion faddUts the 
pceeess of nitrification. 

Tbs Safflower cake is as slow in aitrificatiaa as it was in ths 
ammomfication and only 20% of its total mtngoa is nitrified. The 
Castor cake nitrifies to the sxtsnt of 24% and t h erefore supplies a little 
more available nitrogen than tiie Safflower cake. 

(b) Uti$rii4 Soil. 

lie same samplee of oU cakes show a tn ^Vfd diArencs both in 
a mm oa ifi cation and nitrification in the XAforite soil. The ialfowbw 
tibis makes this dsar. 

t 
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Table No. 5. 

Ammoniiication of various oil cakes m the Laterite soiL 


Milligrams of ammomacal nitrogen per 100 grams of oven dry soiL 


Time. 

Groundnut 

Cake. 

Ordinary. 

Groundnut 

Cake. 

Fat-free. 

Safflower 

Cake. 

Castor 

Cake. 

Control 

0 days. 



Trace 

Trace 

Tiaoe. 

14 days. 

231 

1 83 

086 


Trace. 

28 days. 

886 

6 54 

2-46 

2 23 

029 

42 days. 

15 54 

12 18 

517 

4-87 

040 

56 days. 

24 28 


7 79 

7 63 

0-38 

70 days. 

33 16 

23 82 

1011 

10 42 

0-37 

84 days. 

41 82 

29 04 

13 26 

14-80 

0-44 

100 days. 1 

49 45 

34 70 

15 40 

17-40 

0-36 


Here the ammonifiabihty is far lower than that obtained in the 


Medium Black soiL This is another reason to support the view that 
the process of ammomfication is neither purely chemical nor is it 
purely an enzymic action If it were purely a chemical one the same 
condition of moisture and time would have given the same amount of 
ammomfication even m this sod. Even if it were an enzymic action, 
all the samples except the fat-free Groundnut cake bad the enzymes 
safe and they would act m this sod as well. These observations do hint 
that the sod exerts a very considerable influence on the ammomfication 
as well as mtrification and this influence is in all probabdity a bto- 
diemical one. 

The general figures in the above table leave no doubt that the 
Liatente sod is biologically very poor ot at least poorer than the 
Medium Black sod 

Even m the case of mtrification the figures m this sod are very 
low and the samples stand m the same order as in the case of ammonl- 
ficabon 

Table No. 6. 

Nitrification of various od cakes m the Laterite soil. 


Percent of mtrified mtrqgen of the total nitrogen present 


Tune. 

Groondnut 

Cake. 

Ordmaiy. 

Gronodnat 

Cake. 

Fat-free. 

Safflower 

Cake. 

Castor 

Cake 

ControL 

0 days. ] 



0 21 

0 38 

0-23 

14 days. 

1-83 


1-58 

1-67 


28 days. 

454 

4 77 

286 

306 


42 days. 

8 22 

887 

5-19 

5-48 

028 

56 days. 

13-76 

12 79 

880 

: 8-93 



19 04 

16 81 

13 09 

13-42 

0*31 

84 days. 

24-39 

20-95 

16-56 

1 17 02 

0-28 


29-57 

25-65 

1 1896 

1 2(M0 

0-28 
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The ordinary Groondmit cake nitnfies only to tiie extent of 29% of 
ita total nitrogen, while the bt-hree Groundnnt cake nltrifiea to the 
extent of 25%. The corresponding nitrification figores In the Mediom 
Black soil are 41% and 34% respectively, showing a large drop in 
nitrification. The Safilower cake and the Castor cake are close to each 
other as in the Medium Black soil, the Castor cake being slightly better 
than the Safflower cake. The woody fibre m the Safflower cake la 
clearly a handicap m its mtrification. 

(c) Ooradu Soil. 

The same oil cakes added to the Goradn sod showed bteresting 
results. The Goradn soil is distinctly snperior to the Laterits soil 
although it stands below the Mediom Black soil. The idea that the 
lime content of the soil and its biological activity has some oomlation 
gains support fnmi these results. The lime percent m Gonuln sod is 
doable that of Latente sod. The following table presents figures on 
the ammonification of od cakes. 

Table No. 7. 

( Ammonification of various od cakes in the Goradn sod ). 

Milligrams of ammoniacal rutrogen per 100 grams of oven dry sod. 


Time. 

Groundnut 

cake. 

Ordinary. 

Groundnut 

cake. 

Fat-free. 

Safflower 

cake. 

Castor 

cake. 

Control 

0 days. 

0'32 

0-31 

Trace 

Trace 

Trace 

14 days. 

318 

1-83 

0-82 

054 

0-34 

28 days. 

7-41 

4 71 

1-43 

103 

0-42 

42 days. 

14-36 

9 36 

4 56 

^23 

0 51 

56 days. 

23 53 

14 52 

889 

516 

0 52 

70 days. 

36 19 

24-41 

14 38 

11 20 

0-49 

84 days. 

47 45 

^212 

1892 

16-28 

0 43 

100 days. 

58 26 

40 80 

2414 

19 82 

0-36 


The ammonification is fairly rapid in this sod though by no 
equal to that m the Medium Block sod. The fat free Groundnut cake 
IS found to be distmctly mferior material throughout the expen* 
ments with all the types of sod. The only pomt of importance 
here is that the Safflower cake is better than the Castor cake m this 
■ml u spite of ita high woody fibre content 

A comparative table for all the sods showing the extent of am* 
monification after 100 days gives a better idea. 
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Table Mo. 8 

( Comparative study of ammonification of vanoue oil eakee in tfae 
three different soils.) 


MiUigrama of ammoniacal nitrogen per 100 gtami of oven dry 

Mil. 


Time 

Groandnut 

cake. 

Groundnat 

cake. 

SafHower 

cake. 

Castor 

wke. 

ControL 

i 

Ordinary. 

Fat-free. 


j 

27m llfsJiwM 
BUuhSotl. 




1 


100 diqrs. 
TiuLaleriUBoti 

92 21 

64* J5 

26 65 

2740 

1-51 

100 days. 

The Goradu Sotl 

49'45 

S4 71 

15-40 

17*40 

0-36 

100 days. 

58 26 

40-80 

24-14 

19-82 1 

0-36 


The figures on nitrification Are also Interesting because they prove 
the superiority of the Goradu soil over the Laterite soil. The Sofltower 
cake is more smtable than the Castor cake for the Goradu sod is agam 
confirmed by the figures on the mtrification as under. — 

Table No. 9 

( Nitrification of varioos oil cakes in the Goradu soiL ) 

Percent of mtrified mtrogen of the total mtrogen present 


Sod and 
Tune 

Gronndnut 

cake. 

Ordinary 

Groundnut 

cake. 

Fat-free 

Safflower 

cake. 

Castor 

cake. 

ControL 

0 days. 

0 32 

0 41 

Trace 

Trace 

Trace 

14 days, 

1 40 

1 24 

0-72 

0 38 


28 days. 

3 68 

2 93 

162 

1-38 

0-38 

42 days. 

8 29 

6 83 

3 46 

25) 

0-41 

56 days. 

14 13 

12 54 

629 

5-18 

0-47 

70 days. 

20-73 

18-22 

1230 

12-62 

0-39 

84 days. 

27-17 


15 82 

17 30 

0-34 

100 days, 

32 95 

29 82 1 

19 52 

17-30 

0-36 


A comparative table for the nitrification of oU the oil eakee after 
• ponod of 100 days could be presented M follows 
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Tablb no. 10. 

* (Compuativa study of sitnfioBtioo of varionsloil calcM in dlffmot 

Boili.) 

Percentage of total nitrogen nitrified. 


Soil 

Grotudnat 

cake. 

Ordinary. 

Gronndnnt 

cake. 

Fat-free. 

Safflower 

cake. 

Castor 

cake. 

CoatnL 

Tlis Medinm 
Black. 

41 82 

34-40 

20-10 

BBi 

3-19 

The Latente 

29 57 

25 63 

18 96 

KIM 

0-28 

The Goradn 

32-95 

29 82 

19 32 

17‘30 

0 36 


Thus the study of the nitrification of the difierent oil cakes in the 
difierent soils shows the maiked differenose in the availability of 
nitrogen of the various materials added to the soil and at once gives ns 
the Idea about the effldency Of the material added as mannre. This 
also clearly shows that merely a high percentage of nitrogen in a anb* 
stance does not mean much if the rate of its availability is not known. 
Similarly the experiments show also the marked difference m the 
soils, and suggest that the biological acbvity of the soils is perhaps a 
mote important factor than the physical and the chemical properties. 

5. Ths resnlta so far examined could he eammanaed as follows 

1. The Grcmmlndt cake Is the most easily mtrifiable material of 
the oil cakes used in the experiments. 

2. The fat-free Groundnut cake is dietmctly inferior in nitnfiflgi' 
tion than the ordinary Gronndnnt cake. 

3. The Safiiower cake and the Castor cake compete very closely 
and if a oompanson has to be made, the Castor cake nitrifies better 
than the Safflower cake is the Medium Black soil and the Latente 
■oil while the Safflower cake stands better in the Gotadn soil. 

4. Ammonification and nitrification show a close retatloa 

5. Of the soils examined the Medinm Black soil is the most 
active. The Goradn soil comes next and the Latente sod stands last 

6. The Lou of IVitrogm. 

Although noder an anaerobic conditions there is no lose of nitrogen 

dnnng the ptooeie of decomposition according to Snbtiinehaiqnui 
(1927) we fi^ that this is by no means ths osie under aerobic ooodl* 
tioos. Joihi (1919) observed soch a loss daring tbs study of Uocbs* 
ntcal decomposition of Cowdung and Urins^ and rsoMrksd ^ 
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“ Under aerobic oonditioDa there waa lose in all caeea but at the 
figures for the loss of moisture under these oondihonB were not aocn* 
lately determined before hand no opimon can be ezpreaaed as to the 
relative loss of nitrogen from each of the materials*" 

Bat at another place the same worker remarks that he did not 
find any loss of nitrogen m the decomposition of organic matter. 

A remarkable loss of mtrogen has been found during the experi- 
ments on the nitrification of oil cakes so far examined. The loss 
varied with the nature of the oil cakes Eis well as with the nature of 
the soiL The following table gives the figures of total nitrogen as 
obtomed at various stages of mtrification in the Medium Black soil 

Table No. 11. 

The total mtrogen of varioos oil cakes at different stages of mtn- 

fication. 


Milligrams per 100 grams of oven dry soil. 


Days. 

Groundnut 

cake. 

Ordinary. 

Groundnut 

cake. 

Fat-free. 

Saffloww 

calc& 

Castor 

calcs. 

ContioL 

0 days. 

413 

443 

314 

280 

m 

14 days. 

412 

443 

315 

278 

Bil 

28 days. 

413 

440 

313 

279 

Bil 

42 days. 


441 

312 

276 

BH 

56 days. 


440 

310 

273 

Bil 

70 days. 


438 

310 

273 

168 

84 days. 

382 

436 

308 

271 

167 

100 days. 

364 

434 

304 

269 

167 

Net Loss, 

49 

9 

10 

11 

2 


The loss of mtrogen m the ordinary Groundnut cake sample is the 
greatest As many as 48 milligrams are lost in a period of 100 days. 
Other oil cakes lose comparatively small quantities. Thus the Safflower 
cake loses only 10 milligrams and the Castor cake 11 millignms dor- 
ring the same period. The control loses only 2 miUigrams. The fat- 
free Groundnut cake shows porticulary interesting results trmwnnrh 
as It loses only 9 milligrams showing the smallest loss. The reason 
for the loss of total mtrogen is probably the process of demtrification 
that always goes on m the soil when mtrates accumulate to a certain 
limit as explained by Warrington (L892). If demtrification la also a 
bio-chemical diange, the removal of oil from the Groondnat cake 
retards this activity also. 















HITBIFICATION OP OIL CAKES 


79 


The loss of nitrogen is diflbient vith diflfacent soils. The bgfater 
the soil the greater the loss. The following table gives the total 
nitrogen os detained in the Latente soil at vanons stages 

Table No. 12. 

The total nitrogen (rf various oil cokes at different stages of 
lutnfication in the Laterite soil. 


MiUigrama per 100 grams of oven dry soiL 


Days. 

Groondnat 

cake. 

Ordmaiy. 

Groundnat 
cake. 
Fat free. 

Safflower 

cake. 

Castor 

cake. 

Control. 

0 days. 

358 

388 

284 

224 

117 

H days. 

358 

388 

285 

225 

118 

28 days. 

351 

386 

285 

225 

117 

42 days. 

356 

387 

284 

224 

117 

56 days. 

342 

384 

282 


116 

70 daysL 

338 

378 

279 

216 

117 

84 days. 

321 

374 

274 

215 

116 

100 days. 

303 

373 

272 

215 

116 

Net loss 

55 

15 

12 

9 

1 


The increased loss in the Groundnut cakes amples is conspicoona 


in the Laterite soil The other samples do not show much difference 
as compared to the Medium Black soil. 

The figures for total nitrogen in the Goradn sod confirm the 
observation made above. The figures are presented in the following 
table . — 

Table No. 13. 

The total mtrogen of various od cakes at different stages of mtrl* 
fication m the Gorodu sod. 


Milhgtams per 100 grams of oven dry soil. 


Days, 

Groundnut 

cake. 

Ordinary. 

GrooDdnut 

cake. 

Fat-free. 

Safflower 

cake. 

Castor 

cake. 

CoatroL 

0 days. 

290 

320 

180 

158 

48 

14 days. 

290 

320 

181 

158 

48 

28 days. 

289 

319 

181 

156 

47 

42 days. 

285 

318 

178 

157 

48 

56 days. 

278 

316 1 

179 

154 

47 

70 days. 

268 

308 

178 

154 

46 

84 days. 

252 

302 

176 


46 

100 days. 

225 

300 

174 

150 

46 

foes. 

65 

20 

6 

8 

a 
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A comparative study of the diffemt aoile ud difletent ■unpin of 
oil cakes will give a clear idea for which the following table will to 
useful : — 

Table No. 14. 

{ A comparative study of the loss of rntrogen m different wdls with 
different oil cakes. ) 

Milhgranas of total nitrogen lost per 100 grams of even diy soil in 
a penod of 100 days. 


Soil 

Groundnut 

cako. 

Ordinary. 

Groundnut 

cake. 

Fat-free 

Safflower 

cake. 

Castor 

cake. 

1 

Tho Modium Black* 

48 

9 

n 

11 

2 

The LateritCs 

35 

13 

mM 

9 

1 

Tho Goradu, 

63 

20 

B 

8 

2 


Thus the loss of nitrogen in the Groundnut cake is found to be 
the greatest in all the soils If soils are omnpared, the Gorada Bod 
loses comparatively more rntrogen than the Medium Black and the 
LAtente soils, 

The loss is chiefly found to be considerablo when large quantities 
of Bitno nitrogen begin to accumulate. 
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ACTION OF ACETIC ANHYDRIDE AND SODIUM ACETATE 

ON THE ANHYDRIDES OF p-ARYL-GLUTACONIC 
ACIDS — 

FORMATION OF GLUTACONYL-ACETIC ACIDS. 

Bit 

DATTATRAYA BAUQUSHNA LIMAYE AND VISHNU MAHADEV BHAVE 
Introduction — 

Based on an earlier observation by one of ns a sunple method has 
been developed in this laboratory of preparing a number of P^aryl- 
glutacomc acids and the formation of the corresponding anhydride 
in a typical case of P-(4 methoxy-phenyO-glutaconic acid has been 
described m the Jonrnal of the Indian Chemical Society 1931, 
8,139. This anhydride titrates with alkali as a monobasic acid 
and gives a colouration with ferric chloride In order to account for 
similar properties of the substituted glutaconic anhydrides studied by 
Thorpe and Collaborators, an hydroxy anhydride structure, as dis- 
tinguished from the " normal,” has been suggested by them and acetyl 
derivatives have been prepared by the action of acetyl chloride on the 
OH group m some of the cases ( J. Chem Soc 1911, 99, 2187 ; 1912, 
101, 858 ). With a view to prepare a sunilar neutral acetyl derivative 
the action of acetic anhydride was first tried on the P — (4-methozy- 
phenyl)-glntaconic anhydride It was soon observed however that acetic 
anhydride alone had no action, but that in the presence of fused sodium 
acetate products were obtained which proved to be different from the 
expected neutral acetyl derivative Further investigation has led to the 
discovery of glntaconyl acetic acids and related compounds, which form 
the subject of the present commumcation. 

Thooreitcdl 

The product obtained from P-(4-methoxy-phenyl)-glutaoonic acid 
by the action of acetic anhydride and sodium acetate under conditions 
described in the experimental part, melted between 115** to 125**C and 
was obviously a mixture. Three substances were ultunately separated 
from this an acid M.P. 132°C forming the mam product, a neutral 
product M.P. 112°C and a ketomc aad MP. 125**C. Out of these 
only the aad M.P. 132° gave a colouration with feme chloride. The 
substance M. P 112° resulted from the acid M.P. 132° by the loss 
of one molecule of COg. It thus became clear that, the nature of the 
reaction was not that of the acetylation of the colour giving OH of the 
anhydride of the glutaoomc acid. 
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A doser study of the properties of the three substanoes revealed 
the fbUowiug inter-relation : — 

Acid M.P. 132^ Substahoe M.P. 112 *^ 

Cii Hii Oi — COj Cii Hu 0| 

Eq. wt 260 —44 -► Mol. wt. 216 




This indicated that the acid M.P. 132^ was the primary product 
of the reaction and the other two substances were by-products. It 
appeared probable that the substance M.P. 112 ^ was a Intone of the 
ketonic acid M.P. 125^ and that the substance M P 132^ was a 
lactonic acid. It was therefore decided to determine the structure of 
the ketonic acid M.P 125^ first 


When heated above its melting point the ketonic acid gave a 
neutral ketone Cu Hu Os M P. 48®, by loss of CO*. This ketone 
on oxidation with chromic acid gave anisic acid, a fact which did not 
throw much light on the constitution. However when oxidised by 
Iodine in alkaline solution an acid Cu Hj* O* M P, 1 S 5 <^ was 
obtained which was i identified os paramethoxy-P-methyl-cinnamic 
acid. This fixed the structure of the ketone M. P. 48® as ( 4-methoxy- 
a-xnethyl) benzylideneacetone or m other words— a-acetonyl a- 
( 4-methoxy-phenyl )-ethane. 


CH| 0 . C* H 4 . C “ CHiCO. CH| ( 1 ) 


CH. 


The oxidation reaction is similar to that of benzylideneacetone to 
cinnamic acid by alkaline hypochlorite. 

The structure of the Ketonic acid M.P. 125® could now bo ropre- 


sented as CH|0. C. H.. /„» 

CH,. COOH 

The alternative structure CH,0. 

CH* 


vras set aside as the properties of the acid did not accord with thfw e of 
a 0-Ketonic acid and the formation of a lactone, not containing a 
carbonyl group could not be explained. Moreover the etmctoie of the 
keto acid is confirmed, as on reduction it passes into ^•( 4-methoxy> 
phenyl )-T-aceto-butyric acid which is a kQown sabstanoe, 
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CHf. CO. CHi 
CH,0. C, Hi. CH < ^ COOH. 

Hence the action ot acetic anhydride and aodinm acetate on P>(4' 
methoxy phenyl )-glutaconic anhydride can be represented asi 
CW CO 

CH, O. CiHi. c<^„ + CH^ COOH (Na)-H,0 + 

9-(4-Methozy-phenyl)-glataconic anhydride (hydroxy form) (IV) 

CH. C-CH. COOH (N«0 
CH,0. CiHi. C< >0 
CH-COH 


9-(4>Methoxy-phenyl)-gltitaconyl-Boetic add (V) 

The glntaoonyl-acetic add then gives, by' decarboxylation the 
neutral substance M. P. 112*’ 


CH,0. C,Hi. C< 


,CH. C - CH| 


'CH^ CO 


>0 


0 — (4-Methoxy*pheityD>inetfay- 
lene glntaconide 

(VI) 


The corresponding ' Normal * or ' keto * form of the glntaoonyl- 
acetic acid has also been isolated. Regarding this as also the effect of 
conjugation on the coarse of the reaction, wiU be reported m a fntore 
ooixunanicatlon. 

The reaction has been extended to five other glutaconiic 
anhydrides. 

It will be seen that the reaction resembles Perkin's reaction for 
unsaturated acids of the cinnamic type or to be more correct the 
Gabriel’s extentlon of Perkin's reaction to phthalic anhydride ( Bericbte 
1893, 26, 952 , 1896, 29, 2518 }. The parallelism is so dose tbat 
It can be followed through almost the entire senes of related oomponnds 


VIZ. 

( 1 ) 

(a) Phthalic 
anhydride. 

(b) Glutaoomc 
anhydride 

(4) 

(a) Dibasic 9 
Ketomc odd. 

(b) Unstable 9 
ketomc 
disbasicacid 
(not isolated). 


( 2 ) 

Pbtbalyl-aoetic 

acid. 

Glutaconyl-aoebc 

acid. 


(3) 

Methylene 

phthahde. 

Methylene- 

glntaconide. 


(5) (6) 

Acetoplwnone Acetopbenona. 

ortho-carboxylic 

acid. 

9-4-Methoxy-pbenyl-Y* Methylbenzy* 
aceto-vuqrlaoetic acid, lidene acetous. 
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Bxt t ei m Mtal 

(1) Isolation of the three products formed by Um action of acetic 
anhydride and sodium acetate on 0-( 4-methoxy-plieiiyl )-gIataoonic an- 
hydride. (IV) 

As the ^-aryl-glutaconic acids are readily converted into the an- 
hydrides by the action of acetic anhydride, it was found possible to use 
the acids themselves as starting material, provided sufficient acetic 
anhydride was used for the reaction. 

A mixture of 5 grms. of P-( 4-methoxy-phenyl )-glataoomc add* 

5 grms. of fused «»dlnin acetate and 7.5 c.c. of acetic anhydride is 
heated at the temperature of boiling water bath for 7 to 10 minutes. 
The resulting red liquid is poured m 100 c.a of water, stirred and 
allowed to stand for two hours. A bnttle cake separates, it is removed 
by filtration and on purification yields an aod M. P. 132° ( yield 3 
grms.). On leaving the filtrate over night a second crop of reddish 
crystals is obtained, separable by boilit^ water into an aod M. P. 125** 
(0. 4 grams ) and a neutral substance M. P. 112" (0 3 grm.). The last 
two substances are more conveniently prepared from the acid M. P. 
132", the following modification serves as a preparative process for 
the acid M. P, 132° . 

(2) ^-(4-liethoxypherKfl)-glutaconyl<(cettG acid M, P. 13SP (V) 

After pouring the melt m water as described above about 8 c c 

of hydrochloric acid (1.16) are added. The sticky mass that solidifies 
in about an hour is filtered off and washed. It can be purified by cry- 
stallisation from glacial acetic acid or alcohol. Best results are obtain- 
ed by exactly neutralising with normal caustic soda, filtering and pte- 
apitating the filtrate by the addition of 10 normal caustic soda, collect- 
ing the sodium salt, washing it with small amounts of water and re- 
generating the aod by hydrochloric aod, and crystallismg it from 75% 
acetic aod. The aad thus obtained melts at 132" without decomposi- 
tion. In alcoholic solution the acid gives a strong violet colouration 
with feme chloride. It is insoluble m water, sparingly soluble in 
dilute acetic add, alcohol, acetone, and benzene^ and soluble m ether. 

Found C ■ 64 5 ; H " 4*6 Equivalent * 261 

Cu Hu Oi requures C"64 6;H"46 „ 260 

It gives paramethoxy acetophenone on boding with 15% caustic 
alkali, 

(3) ^'(4-Sltthoxy-piieniiil)~X’aceto^nylacetto acid (II) 

A dear solution of the glutaconyl acetic aod M. P. 132? 5 grms. 
dissolved m 125 c.c. normal caustic alkah is allowed to stand over 
night and then warmed on water bath for half an hour, cooled, extract- 
ed widi edwr to remove some oily unpunties and acidified with ddute 
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hydrochloric acid, keeping the eolation cooL The solid that separates 
IS somewhat sticky and its purification requires care. It is first cry- 
stallised from 75% acetic acid and then from hot water avoiding long 
boiling. The perfectly white crystals melt at 125^ with decomposition. 
Found C*66 3,H“6 15% Equivalent ■■ 233 

Cu Hu O4 requires C «= 66 6 , H-^6 0 % Equivalent ■■234 

The acid gives no colouration with feme chloride. It is soluble in 
ether, benzene, chloroform acetone and alcohol, and sparingly soluble 
m acetic acid and water. 

The semtearbazone of the acid melts at 155^ with decomposition 
and titrates os a monobasic acid. Found equivalent 293. C14 Hit O 4 
Nt requires equivalent 291. 

The Phenyl hydrazone of the acid melts at 165^ with decomposi- 
tion. Found equivalent 325. Cu Hso N9 requires eqm valent 324. 

The Oxime melts at 190^ with decomposition. 

The ethyl and methyl esters of the acid cannot be prepared by 
the Fischer-Spier method as the formation of the lactone M. P. 112^ 
IS favoured. The same can however be prepared through the silver 
salt by the action of alkyl iodides, but cannot be punfied^ as even 
distillation in vacuum gives the lactone. 

(4) pf 4»Methoxy-phenyl ) -methylene glutaconide (VI) 

This lactone of P-( 4-methoxy phenyl )-T-aceto-vmylacetic acid 
can be obtained as described m Exp 1 , or by the action of acetic 
anhydride on the ketonic acid. It is best prepared by heating 5 gnns. 
of the glutaconyl-acetic acid with 10 c.c. of 30% hydrochloric acid 
over a sand bath for 2 hours and pouring the resulting solution 
in water Ihe solid that separates is filtered off, treated with cold 
dilute alkali, filtered, washed with water, and finally crystallised from 
alcohol. The beautiful plates with pearly lustre melt at 112^ yield 
2. 3 grms. 

Found C - 72 0 , H »= 5 7% 

CuHiaOj requires C *■ 72.2 , H »= 5.6% 

It gives no colouration with ferric chloride. It is insoluble m water 
and dilute acetic acid, sparingly soluble in alcohol, glacial acetic acid and 
benzene, and soluble in ether and chloroform. On hydrolysis with 
alkali it gives the h-Keto acid M.P. 125^. It does not react with 
ketomc reagents. 

(5) (4-Methoxy-a-methyl-benzyhden€)-aceione (I) 

The acid M P. 125® (Exp.3) is heated above its melting pomt till 
the evolution of CO| ceases and then distilled under reduced pressuire. 
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A liquid pwsM over at 145° at 5 m.m. pressure. It is puriBed by 
redistillation when a neutral solid M.P. 48°i is obtained. 

Found C-75-5;H.-7-6?S 

Cu Hi 4 0* requires C ■ 75*8 ; H • 7*3^ 

The SemtcariMBone M P. 193° 

Found C»63 3;H»6.8^ 

C« H« Oi N* requires C “ 63 2 , H ■ 6.9% 

The Phen^hydrasotie M.P. 70° The Oxttne M P 107° 
Oxidation of the Ketone —A mixture of 2 grms of the ketone 
M.P. 48° and 25 c.c. of 4 normal caustic alkali is shaken for an honr 
with the addition of 9 grms. of lodinoi allowed to stand for 3 hours, 
treated with sodium sulphite, acidified and left over night. The crystals 
that separate, on purification, melt at 154° to 155°. 

Found C = 68.8 , H ■ 6 1%, Equivalent ■ 192 

CiiHiiOi requires C = 68 76 , H = 6.25% , „ “ 192 

This acid was identified as paramethoxy ^-methyl-cmnamic 
add by mixed melting point with the known compound and by its 
conversion mto the known paramethoxy-iso*propylene benzene 

(6) 4’Methoxyphenyl)‘X‘aceto butyric acid (III) 

^ (4>Methoxy phenyl )-T*aceto-vinylacettc acid (10 grms ) is 
neutralised with dilute caustic soda and reduced with the slow 
addition of 100 grms. of 4 % sodium amalgam. After 2 hours the 
solution 18 filtered, acidified and the separated acid purified by crystalli- 
sation first from water and then from dilute acetic acid. The acid 
melts at 104° and can be distilled under reduced pressure 
Found C = 66. 0, H = 6. 6% Equi « 235 

CuHuO* requires C = 66. 1 , H = 6. 8% „ *■ 236 

The acid was identified as the known P (4-methoxy phenyl )-V- 
aceto-bntyric aad by preparing the semicarbazone M. P. 190°, the 
Oxime M. P, 169° ( Vorlander, Annalen 1896, 294, 253, ) and the 
ethyl ester B. P. at 5 m.m 190° to 195°, which in turn was converted 
by sodium ethoxide into amsyl dihydro resorcm a known compound 
( Vorlander, 1. c. ). 

The reaction has been extended to five other P-Aryl glutaoonic 
acids and the various products obtained by similar methods resemble 
in properties with corresponding compounds described above. They 
are assembled in the following table. 
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INHIBITIVE POWER OF GELATINE 

Ar 

B N DESAIandB M.NA1K. 

Bolam and Desai (Trans. Faraday Soc., 24, 50, 1928) bava 
observed that the time required for the appeaxanoe of ted oolooted 
precipitate from a yellow mixture of AgNOt and KtCiOi m gelaOne 
decreases and its p^ increases on snb3ecting it to hydrolysis. This 
property of preventing the precipitabon of insoluble salt has been 
termed " mhibitive power Desai and Nabar ( Jonrn. University of 
Bombay 1, Part II, 28, 1932 ) have shown that the mhibitive power of 
gelatine with reference to AgiCr 04 mcreases on decreasing the Pg of 
gelatine Desai and Nabar ( Trans. Faraday Soc. 28, 449, 1932; also 
see Bolam and Mackenzie, ibid, 22, 151, 162, 1926 ) bava farther 
shown that in the yellow coloured mixture AgiCr 04 exists in ionic 
condition. In the present paper are given the results of the study of 
precipitation of Ag(Cr 04 , Agl and Pbl* in gelatme nnder different 
conditions. 

( 0 ) Prtparatton of AgjCrOt %n samples ctf gelattne of diffsretU 

Pb 

The gelatine used m these experunents contained 1.177% ash and 
189i moisture. The mhibitive power was determmed m exactly the 
same manner as before. The pg of gelatine was determined coIoaro> 
metrically. Samples of gelatine having different were prepared by 
adding smtable amounts of acetic acid or sodium acetate. Experi- 
ments were carried out by using different equivalent amounts of the 
reactants. The results of these experunents are given in Tables I to 
VII. 
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Table VI. 

Total Volnnifi of miztore = 20 c. c. 
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Table VII. 

Total Tolame of mixtura * 20 c. c. 
Concentration of gelatine 3 %. 
PH of gelatine *■ 6 00. 

5c.c.of-^ 5c.c.of 


c c. of gelatioe. 

Time of Inhibition m minutes. 

3-8 

2 

♦1 

4 

44 

7 

47 

13 

50 

20 



gelatine eolation against tbe tune of inhibition for difierent eqoivalent 
amotmts of reactants m gelatine having pg 5.52. It will be seen from 

tbe fignre that as the amount of the reactants decreases tbe carve u 

M 
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dupkoed tnon And more towards the Y-azis and that the curves ate 
displaced by almost the same distance for a change m the omoont of 
the reactants by 1 c, c. It would thus appear as if the amount of the 
reactants whose curve corresponds to the ordinate will approximately 
give an idea about the solubility of AgaCrOi in that particular sample 
of gelatine. The carves for other samples of gelatine are also exactly 
of the same nature as those given in Fig. 1. The solubility of 
AgfCr04 10 gelatine of pg 5.75 calculated on the basis of above ideas 
comes to about 10 tunes more than that in water The solubility of 
AgsCr04 m samples of p^ 4 5 and 6 0 comes to about 10% mote 
than that m gelatine of pg 5 75 It would thus appear that although 
with slight changes m the pg of gelatine the mbibitive power changes 
considerably, the solubility of Ag|Cr04 in gelatme is not affected to 
any appreciable extent by those changes These results are therefore 
m line with those obtained by Desai and Nabar ( Journ. University 
of Bombay, loc. cit.). 

In Fjg, 2 is plotted the amount of gelatine (C) against the tuna oi 


Fig, 2. 
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lohibiticm (T) for samples of diffsre&t pg in the case of 5 c. c, of 

j^AgNO»+5 c. c. CrOi. It will appear frwn the figure 

that the carves for samples of gelatine of p^ either smaller or larger 
than 5 75 are displaced towards the left of the curve for pg 5-75. Also 
as the pg mcreaaes or decreases more and more than 5 75 the curves 
are displaced more and more towards the ordinate. The curves ob- 
tained with different amounts of the reactants show exactly the same 
behaviour. These results thus show that the Inhibitive power of gela- 
tine of Pg 5*75 18 mmimum and that the inhibitive power of other 
samples of gelatine of pg smaller or larger than 5 75 is greater than 
that of sample of pg 5 75. These results have a very important bear- 
ing on the nature of rings of AgsCr04 in gelatine for as argued by Desoi 
and Nabar Indian Cbem Soc., 9, 141, 1932) there be a 
defimte range of pg of gelatine within which good ru^ can be ob- 
tained. This pomt will however be dealt with m another paper. 

In Fig. 3 IS given the plot of log C and log T for the same values 


Fig. 3 
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whlqh hav« bson mod in F«. 2. It will appov from this fi ggw that 
the plot IS a straight line and the relation between C and T can be ex- 
pressed by an equation of the form 

T-K(C)“ 

where K and m are constants The time of inhibition thus vanea ex- 
ponentially with the amount of gelatine. 

In Table VIII are given the results of inhibitive power of gelatiaa 
with reference to AgiCr 04 obtained m another manner. In these ex- 
periments the amount of AgjCr 04 that can be kept in the mixture for 
10 mmutes before the appearance of the red colour when 6 c. c. of 3% 
gelatine solution are added, has been determined. 

Table VIIL 
Total volume of the mixture ■ 20 c. c. 

Concentration of gelatme ■■ 39^ 

Amount of gelatine »6c. c.m20c.c.of muture. 

Time of inhibition ( fixed ) ■■ 10 minutes. 


Ph of gelatine 

c- c «>f^ Ag|Cr04 

4-25 

22-0 

4'50 

12 0 

4*75 

86 

5 00 

68 

5'25 

6'1 

5 52 

57 

5 75 

53 

6 00 

56 

6 25 

64 


It will appear from the results given m the above table that here 
also gelatine of Pa 5 75 has got the smallest inhibitive power, while 
samples of gelatine havmg pa smaller or larger than 5 75 show greater 
inhibitive power. 

I (6) Changes tn Inhtbtttve Power and Gold Number q/ Gela- 
tine Hydrolysed to Different Extents 

The hydrolysis of gelatine was carried out by boiling a 3^ solu- 
tion in a silica flask in a paraffin bath whose temperature was main- 
tained at 115°C. Any loss m weight due to heating, which was always 
small, was made good by adding distilled water. The inhibitive power 
was determmed by finding out the amount of AgfitOt that can be 
kept m solution state (i.e., till the red coloured precipitate appears) for 
10 mmutes, the volume of the mixture being kept constant forou^ioat. 
The gold numbers were determined in the usual manner. Tbs rosnltt 
pf these experiments are given m Table IX, 
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T&blb DC. 

Total vdame of mixtore (for inhibitiva power) * 20 c. c. 
Cone, of gelatine ■ 3%. 

Cone, of gelatine (for protective power) ••Q'0QI%. 
Tune of inhibition * 10 minatea. 


Golatina hydrolysed 
for hxmxB. 

Resultmg p^ 

* N 
c.c.of ^ 

AgjCrOg. 

Gold Numbers. 

0 (dispersed 
at 40®C.) 

5-52 

5 67 

0125 

1 

5 34 

560 

•0139 

2 

5 57 

5 55 

0149 

4 

5 62 

550 

0160 

7 

5 69 

5 40 

•0168 

10 

5*72 

5-35 

•0172 


It will appear from the table that on hydrolysing the gelatine its 
Pa Increasea. This is in agreement with what has been observed by 
Bolam and Deaai (loc. cit) and by Desat and Nabor (Trans. Faraday 
Soc.| loc. cit). Also hydrolysed gelatine is foond to be less effective 
in preventing preapitation than nnhydrolysed gelatine. Bolam and 
X>e^ (loc. cit) got a clear indication of a maximum m the value of 
ttnwe of inhibition (inhibitive power) at a certain stage of hydrolysis. 
Such a TiiftTunnm u the inhibitive power has not been observed in the 
present case, probably due to the fact that hydrolysis has been carried 
out at a higher temperature. 

The gold numbers mcrease on hydrolysing gelatine. If the gold 
numbers are taken to indicate the protective power of gelatine as is 
ufually done, the results show that the protective power of gelatme 
decreases with an increase in the degree of hydrolysis Ganguly (/ourn. 
Indian Chem. Soc., 3|177, 1926) observed that on hydrolysing gelatme 
the gold numbers first decrease and then increase. In view of the fact 
that gelatine solution has been boiled freely m silica flask in Ganguly’s 
ai well as our experiments it is not understood why a minunum m the 
valoe of gold numbers has not been observed m the present case. 

In order to see how far the changes in the inhibitive and protect* 
ive power of gelatine on hydrolysis are brought about by a change in 
the acidity of gelatine, some experiments were also carried out by 
bringuig beck the pa of hydrolysed gelatme to original value and then 
determine its inhibttive power and gold numbers. These results are 
given in Table X. 
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Table X. 


Inhibitivo and protective power on restoring p^ to original value. 


Gelatine hydrolysed 
for hours. 

Pu of hydrolysed 
gelatine brought 
back to the value 

^ N 

AiriCr 04 . 

Gold NumbeiSi 

1 

5 52 

5 66 


2 

5 51 

5 67 


4 

5 50 

5 66 


7 

5 52 

5 67 


10 

5 50 

5 67 



It will appear from the above table that on restoring the p^ of 
hydrolysed gelatine to its original value ( i • e., to the value of p^ of 
unhydrolysed gelatine) both the inhibitive power as well as gold numbers 
become the same as for unhydrolysed gelatine. These results thus 
show that changes in inhibitive and protective power brought about by 
hydrolysis are mainly duo to a change m acidity of gelatine. 

Bolam and Desai ( loc . cit • ) have stated that obviously inhibition 
and protection do not go hand in hand for there is a diflbrence in the 
function of gelatine in the two cases. In the former r61e gelatine 
opposes the formation or growth of crystallisation centres and thus 
gives rise to a highly supersaturated solution, in the latter rhie gelatine 
prevents aggregation of small particles to larger masses and thns gives 
rise to a colloidal solution On comparing the results of inhibition and 
gold numbers on hydrolysis it will appear that if gold numbers are taken 
to indicate the protective power, both inhibitive and protective power 
of gelatine decrease on hydrolysis This is apparently not in agreement 
with the view of Bolam and Desai. Hydrolysis increases the degree 
of dispersion of the precipitate as has been observed by Bolam and 
Desai (loc. cit.) os well as in these expenments. This is doe to the - 
fact that there is less resistance to the growth of crystallisation centres 
in the former case (less inhibitive power ) and therefore if the number 
of crystallisation centres is large, one would naturally expect that, other 
things remaining same, the particles of the precipitate will be smaller 
m hydrolysed than m unhydrolysed gelatme. The changes in the gold 
numbers on hydrolysis can be due to either changes in the protective 
power os seen from finer preapitate or changes m the acidity of gelatme 
which affect coagulation of gold soL The original gold number havu^ 
been obtamed on restoring the original p^, it appears that the gold 
number changes on hydrolysis are mostly due to tbe efife^t (rf cfaan^ 
pf acidity on the coagulation of gold sol, 
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In TaUo XI ara given the valoes of gold nnmben for aamples of 
nnbydrdyeed gelatine of different pg. 

Table XI. 


of gelatine made 
equal to that of hy- 
drolysed gelatine. 

Gold Numbers. 

5 57 

•0139 

5-62 


5 69 

•0165 

5-72 

•0172 


It 'will appear from the results that with a decrease in the acidity 
of gelatine the gold number increases. Also whether the changes in 
p^ are brooght about by hydrolysis ( Table IX ) or by adding sodium 
acetate ( Table XI ) the gold numbers change in the same foshion and 
almost to the same extent for same changes in Pq. 

The changes in the inhibitive power of gelatme on hydrolysis 
would also seem to be wholly due to changes in its acidity as shown by 
results given in Tables VIII» IX and X. These results thus show that 
changes in the inhibitive power and gold numbers on hydrolysis are 
doe to changes m its p^. 


Dia. a. 
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dued light On mixing solntions of AgNOi in gelatiiMb and KI in gniathia, 
the roixtore attained somewhat greeniah odiont alfixm^ no predpitation 
was \isible. When preapitate of Agl began to aeparate fnm the 
mixture the colour changed to whitish jrellow. The time required to get 
the whitish yellow cokwr of the same mtonsity as the standard was 
taken as a measure d inhibitive power m each case. The leanlta of 
these experiments are given in Table XV. 

Table XV. 

Total volome of mixtnre— 20 c. c. 

Concentration of gelatuie-a3%. 

3 c c of^ KI+ 3 c. c. of AgNO, 

Column ( 1 ) c. c. of gelatme and column ( 2 ) Tune of inhibition m 
minutes. 


Ph“ 

45 

Ph* 

♦ 75 

Pji-5 00 

Ph“ 

5 25 

(1) 

(2) 

(1) 

(2) 

(1) 

(2) 1 

(1) 1 

(2) 

64 

n 

58 

8 


m 

52 

8 

80 


73 




66 

16 

92 

mm 

84 




76 

24 

10-0 

m 

92 


86 


83 

32 

IliBi 




Ph' 

6 00 

Ph "6 25 

(1) 

(2) 



(1) 

(2) 

(1) 

(2) 

50 

8 

n 

8 

45 

I 

8 

4-1 

8 

63 

16 

mm 

16 

57 

16 

52 

16 

7'4 

24 


24 

66 

24 

61 

24 

81 

32 

H 

32 

73 

32 

6-7 

32 


It will be seen from the above table that for all samides of gelatme 
the inhibitive power increases with an increase in amooot of gelatine. 
Thu has also been observed m the case of AgiCr04. In Fig. 4 u given 
the plot of the amount of gelatme added (C) and the time of inhibition 
(T) for different samples of gelatine. It will appear from toe figure that 
as the Pji of gelatine decreases the curves are duplaced more and more 
away from the ordinate. In other words the inhibitive power decreaaea 
with a decrease of P|| of gelatine solutton. Thu bebavioar la therefore 
quite diffisrent from that with AgiCr04. Thu diflbrenoe m the inhibitive 
power m toe two cases probably influenoes the nature of nags of Agl 




































H 8 a 8 S • V 

la this ca89 «lflQ as with A^iCrOi the plot of I09 Claad log T fa a 
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straight Una. The inhibitiva power dioa varies oxponaatiBlIy with the 
amoont of gelatine. 

III. Pftctpttaiton cfPblf %n samples q/Gtlcfttncqfdijfennip^ 

When Pb (NO^i in gelatine and K1 in gelatine are mixed« the 
mixture is clear and colourless. However on aUowing the mixtore to 
stand the colonr becomes greenish in the beginning and yellow later on. 
The greenish coloured mixture did not contain any particles of Pbli and 
was deaii while the yeUow coloured muture was opaque. The time 
required to get both greenish and yellow colour of the same mtensity as 
the standards was taken as a measure of inhibitive power in each case. 
The resolts are given in Table XVI. 

Table XVI. 

Total volnme of mixture « 20 c. c« 

Concentration of gelatmo ■ 3%. 

2-5 c. c. of ~ KI+2-5 c. c. of ^Pb (NO.V 


Colnmn (l) c. c. of gelatine and oolmnns (2) and (3) Time of 
inhi bition in mmutes for appearance of greeniah and yellow colonr res* 
pectively. 


pusi5.52 


1 


P„=4*75 

p„=« 

(1) 


(3) 

(1) 

(2) 

(3) 

■ 

(2) 

(3) 

(1) 

(2) 

(3) 

(1) 

(2) 

(3) 

102 

2 

3 

94 

2 

3 

as 

3 

6 

8-6 


2 

114 

2 

3 

10.8 

3 

7 


3 

6 


5 

10 

9-2 

2 

4 

12-0 

3 

7 

114 

7 

11 

10 6 

6 

9 


9 

15 

98 

3 

7 

12 6 

7 

13 

12-0 

11 

19 

112 

8 

15 

114 

13 

25 

10-4 

6 

12 

132 

14 

25 

ns 



19 

35 

118 

14 

24 

ISSl 

21 

37 

iicl 


Em 









J 



11*6 

— 

33 





It will appear from the table that, as in the case of AgjCrO. and 
Agl, here also the inhibitive power mcreases with an increase m the 
amount of gelatine added. In Fig. 5 is plotted the amount of gelatine (C) 
against the time of inhibition (T) m different cases. It will be 
seen from the figure that the curves for greater or smaller than 
5 0 are displaced towards the right of the curve for Pjj 5*0. In other 
words the mhibitive power of gelatine with reference to Pbli is maxi- 
mum for Ph 5 0 and smaller for higher or lower valnes of pi,. This 
behaviour cd inhibitive power might have an important bearing on the . 
Mture of Pbli rings in gelatine. The Pbli rings m samples of gelatine 
if difEsrent p^ axe under mvestigation, 











nmumvB powbb op cblatinb 


109 


Fig. 5. 



lobbitive power of samples of gelatine of different pn with re< 
ference to precipitation of AgiCrOi, Agl and Pbli has been ^termined. 
In all the cases the inhibibve power increases with an mcrease in the 
amount of gelatine added and the plot of log C ( amount of gelatine 
added) and log T (time of inhibition) is a strai^t line. It is found 
that the inhibitive power with reference to Ag^t 04 is minimum for 
gelatine of pjj 5 75 and is greater fmr higher or lower values of py. 
In the case of Agl the inhibitive power continuously decreases with a 
decrease of Pjj of gelatine. The inhibitive power with reference to 
Pbli is maximum for gelatine of pg 5*0 and is smaller for higher or 
lower values of pg. It is suggested that the difference in the inhibi* 
tive power with rrference to AgsCrO* Agl and Pbl| mi^t have an 
important bearing on the nature of rings of these substances m 
gelatine. 

On hydrolysing gelatine, its Pg and gold number increase while 
inhibitive power with reference to ^tCrO^ decreases. When gelatine 
solution IS electrodialysed, its pg and gdd number decrease while Inhi- 
bitive power with reference to AgiCrOi increases. On bringing back 
the Pg of gelatine to its original value both the original inhibitive 
power and gold numbers are restored, thus showing that the chaises 
are mainly due to changes in Pg of gelatine. It is observed that tbs 
products of hydrolysis have less protective power than products of 
electrodialysis. 
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Note — Smce the present paper was snbnutted for pablicatkm there 
has appeared a paper by Bolam and Donaldson (Trans. Faraday Soc., 29, 
864, 1933 ) on the influence of gelatine on preapitabon of silver chro- 
mate. From Fig 1 of their paper it is clear that the inhibitive power 
( property of preventing the precipitation of insoluble salt ) of gelatine 
steadily increases with an increase of acidity of gelatine ( Ph range tried 
by them is 5 7 to 4 3 ). Our results ( Fig. 2 of our paper ) also point 
to the same conclusion for the same range of Pf, and their results thus 
completely support our results On p. 876 of their paper Bolam and 
Donaldson have calculated the degree of supersatoration according to 
the theory of Von Weimarn ( KoUoid — Z , 2, 199, 1908, etc.; 3, 3, 
1908, etc., 4, 27, 1909 , Grundzuge der Dispersoidchemie, 1911 ; Zum 
Lehre von dem Zustanden der Materie, 1914 ) and found that the 
degree of supersaturation increases slightly as the pg decreases from 
5 7 to 5 0, and then falls off more rapidly as the pjj is farther decreas- 
ed, They conclude that the d^ee of supersaturation, and therefore 
the inhibitive action of the gelatine, probably has an optimum value at 
Py'’5 0. It IS difiicult to reconcile tl^is latter conclusion with the in- 
ferences that can be drawn from Fig. 1 of their paper as well as with 
our present results. It may however be pointed out that the optunum 
value of supersaturation for galatme of P|{*”5*0 seems to influence con- 
siderably the nature and number of AgtCr 04 rings w gelatine^ for as 
our results have shown ( will bo published m due coarse) best rings 
ate obtamed in samples of gelatine of pg range 5 0 to 5*25. 



THE ACTION OF NITRIC ACID ON TIN 
G a KA^tKAR and A. R NORMAND 

IfUroducHon* 

The reaction between mtric acid and metals has been studied by 
many workers^ but as it is very complex no general conclusion has yet 
been reached. At the end of this reaction there are generally present 
not only the nitrate and nitritoi but also a large number of redaction 
products of the aad. Ackworth and Armstrong (Jour. Chem. Soc. 
32i 54a 1877 ) suggested that the nitrate was formed first, along with 
nascent hydrogen, which would reduce the excess nitric acid. Divers 
attempted to explain the formation of ammonia during the reduction 
(Jour Chem. Soc- 43, 465, 1883) and Veley (Proc. Roy Soc 46, 216, 
1890 ) attributed the inception of the reaction to the presence of nit- 
rous aad Gmelin ( Hand book of Chem. London, 339, 397, 1849) 
supposed that the metals are first oxidised, the oxide then dissolving in 
the aad to yield the mtrate. If the metal decomposes water there 
would also be products such as ammonia, hydroxylamine, etc Bancroft 
( Jour. Pbys. Chem. 28, 475, 1924 ) considers the reaction as a case of 
electrolytic oorrosion, and points out that the hypothesis of Ack^^orth 
and Armstrong is a special case of this. On the same basis Milligan 
Oour. Phys. Chem 28, 744, 1924) and Joss ( Jour. Phys. Chem. 1222, 
30, 1926) have presented a systematic scheme representing the stages 
in which tiie redaction of nitnc acid proceeds, but this scheme has not 
yet been proved to be applicable when the reduction is due to metals. 

The literature shows that no worker has made a complete study 
of the reaction between a metal and nitric aad. In the case of tin Ack- 
worth and Armstrong studied the gaseous products, whereas Walker 
and Veley (Jour. Chem. Soc. Trans. 846, 1893 ) studied the conditions 
m which tin goes mto solution. It appeared to us that a systematic 
analysis of all the products formed in the mixture during the reaction 
between a metal and mtric acid, under varying conditions, would lead 
to defimte conclusions about their stability and their causes of forma- 
tion. Tm was chosen for a complete study on account of its ampho- 
teric nature, its multivalent behaviour, and the instability of its oom- 
pouiids. 

B:^pertfp$entaL 

For the study of the products in solution, the following procedure 
was adopted. A known amount of the acid, of a definite oonoentration, 
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was Introduced into a graduated 250 c. c. flask, kept in a water thermo- 
stat The air was displaced by bubUing carbon dioxide thionsd* the 
acid for a long tune. Small pieces of tm fod were introduced, and the 
time was measured for it to dissolve completely Then the contents 
of the flask were diluted to 230 c. c. and the mixture was analysed 
quabtatively and quantitatively. The stannous tm was estimated by 
the lodme method of Lenssen as modified by Hallet (Jour. Soc. Chem 
Fig. 1. Indus. 35, 1087, 1916). The 

stannic tin was determmed as the 
dilTerenoe between the stannous 
and total tin. The total tin was 
estimated by weighing it as stannic 
oxide Kjddahl’s method was 
used for the estimation of amfilb- 
nia, with due precautions on ac- 
count of the presence of other subs- 
tances. Hydroxylamine was esti- 
mated by converting it to ammonia 
by the use of titanium chloride. 
The nitrates I were estimated by 
the oxidation of ferrous chloride. 
All the above methods were tested 
beforehand and were found to be 
sufficiently accurate for the pur* 
poses of this mvestigatioa 

For the study of the gaseous 
products the apparatus shown in 
Fig. 1 was used. The tm was 
first mtroduoed mto the flask H 
and the stopper closed. With E 
dosed, and B and C open, mtnc 
acid was mtroduoed through A into 
D. B was then closed, and the 
space above the aod m D was 
evacuated through C. The flask 
H was then evacuated through F. By openmg "E, acid could then be 
mtroduced mto H, and the evolved gases collected through F* A 
Sprengel pump was used to evacuate the system and collect the gases. 

For ths estimation of the gaseous products, Milligan's method 
( Jour. Phys. Chem. 28, 344, 1924 ) was followed m detaiL Nitrogen 
peroxide was estimated by absorption m concentrated snlpbunc add, 
and mtnc oxide by absorption in a mixture of oonoentrated sulphunc 
ockI and mtnc acid m the proportion 50 . 1 by volume. The remaming 
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mixture, contaimog nitrous oxide and nitrogen was exploded with 
hydrogen, and the contraction m volume gave a measore of the 
amount of nitrous oxide present. 

Discussion. 

Dhar holds that nitric acid oxidises metals in exactly the same 
way as it oxidises substances such as sugar, starch etc. ( Jour. Fhya. 
Chem 29, 142, 1925 ). Clearly the hydrogen theory of Ackworth and 
Armstrong cannot be applied to these latter substances. The undoubt- 
ed similarities between the two cases are not sufficient to justify Dhar's 
general statement, as is shown by the various bebavioors of different 
metals towards nitric acid Dhar agrees with the view of Divers 
(Jour. Chem. Soc. 43, 465, 1883) that metals fall into two groups with 
respect to their reaction with nitric acid, the first group (copper, 
mercury, silver, etc ) do not give rise to hydrogen at any stage of the 
reaction but take up oxygen from the acid. The second group ( iron, 
tin, zinc etc.) not only take up oxygen, but may even add hydrogen to 
the acid. There can be no real similarity between this latter behaviour 
and that of starch etc Thus T^bax's theory cannot apply to the second 
group of metals, so that for these we must hold to the hydrogen theory. 
The argument that the hydrogen has msufliaent tune to carry out the 
redaction does not apply, because it is m the nascent state and there- 
fore of great activity. Furthermore, the oxidation theory does not ac- 
count satisfactorily for the formation of hydroxylamine, ammonia eta, at 
least in this reaction ( as tm has no action on water at ordinary tem- 
peratures ), and so it seems reasonable to suppose that the hydrogen 
produced is responsible for the reduction of the excess acid. 

If the reduction of nitric acid be attributed to nascent hydrogen^ 
the following equations would represent the process of formation of the 
various products : 

2HNO»+ 2Hi « 2HNO,+ 2H,0 
2HN08+ 3H, - 2N0+4H,0 
2HNO»+ 4H, - N,0+ 5H,0 
2HN0»+5 Hs-N 8+6H>0 
2HNOi+ 6H, = 2NH,OH + 4H,0 
2HNOi+ 7H, = N,H4+ 6H80 
2HNO,+ 8H, = 2NHi+ 6H,0 

The formation of these products should not be supposed to take 
place directly, however, for there will be a series of mtermediate stages 
which are not shown. 

In the present experiments, the hydrogen necessary for the forma- 
bon of the reduction products was calculated from the above equabCMis, 
and was compared with the total quantity of hydrogen which tin is 
capable of producing when it dissolves m ni^dc add, These twp 
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ni 

cricnhtol vahMs were foond to ba io eioellnit israemeiit (Tdde IV )• 
This suggests tiut all the hydrogen naoesBaty for tha lednctioa of Oa 
nitnc acid probably arises froin tha sototioo of tha tuu Theta* 
fore, altboagb the oxidation theory is not oonclnsivefy disprove^ 
it js reasonable to conclude from the above that the view of Ackwortb 
and Armstrong is correct as fiir as this reaction u oonaeraed. 

It IS also interesting to observe that with mcrease of oonoanbatton 
of the acid, or of the temperature, the amounts of stannic salt, and tha 
gaseous products, increase, and the amount of the redaction prodncts 
in solution (hydroxylanune etc.J decreases. 

When the amount of stanmc tm, and tha volume of tha gaaeoas 
products, are each plotted against the concentration of tha sod ( Graph 
I ), the curves are found to be practically parallel. Also when tha 
amount of stannic tin is plotted agamst the mtrogen content of the 
gaseous mixture, straight hnes are obtained (Graphs II and III). It is 
dear then that there is a dose relationship between the formatioa of 
stannic tin and that of the gaseous prodncts. 



I 

oraoeatratfoa of HNO» gm. c. 


Mfc Abtioll of ixMatb Acab oM tib 


lid 



II 



At Ue^ ttupatatans or ooncratratloas only stannic tm isfomasd, 
and tfasce is a proportionats evolntion of gas> At k>w tsmpotatnrss or 
oonosntratloDS vary little stannic tin is fonnedi and accordnc^ die 
gassou pndocts are nsitoUe in amount. 
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Tbermocbaoiical data show that tha fonnahon of the atannoos bn 
from tin involves an evolution of about two-thirds the heat evolved by 
the formation of the stannic ion Nitrogen-hydrogen oompoonda an 
exothermic, whereas nitrogen oxygen compcmnda are endothermic* It 
may therefore be assumed that the formation of nitrogen-oxygen com- 
pounds are associated with the formation of stannic ion, and that of 
nitrogen h3rdrogen compounds with that of stannous ion. 

It may be assumed that the nascent hydrogen produced by the 
action of tm on nitric acid is of two different activihes, on assumption 
which IS suggested by the results of others on the activity of nascent 
hydrogen ( Comp Treatise on Inorganic Chem. Mellor. Vd. I. p. 332). 
One variety of nascent hydrogen conld cause the formation of the 
nitrogen hydrogen compounds, and the other that of the mtrogen- 
oxygen compounds. These two varieties may arise in accordance 
with the foUowing equations — 

Sn+2HNOi “ Sn(NOi)i+2H I 

&n+4IlNOa = Sn(NOB)4+4H II 

The hydrogen from the first of these reactions would cause the 
formation of the nitrogen hydrogen compounds, and that from the 
second of the nitrogen O'^on compounds, thus accounting for the 
proportionality between the amounts of stannous tin and the mtrogen- 
hydrogen compounds on the one hand and those of stanmc tm and the 
nitrogen oxygen compounds on the other. 

A closer inspection of the results shows that m all the experiments 
where hydroxylamine was formed, and the amount of gas evolved was 
negligible, an appreciable amount of tin was present u the stanmc 
condition. If all the reduction products of nitric acid ate artanged in 
their order of reduction, hydroxylamine is found to bo between nitro- 
gen and hji^drazine. Since hydroxylamine is on the border h o e between 
the nitrogen hydrogen and mtrpgen-oxygen compounds, it seems pro- 
bable that the combined action of both varieties ctf nascent hydrogen 
would account for its formation On this view the formation of 
hydroxylamine may be represented as follows ; 

4Sn+8HNO|-4Sn (NO|),-h8H (a) 

Sn+4HN05 =“ Sn (NCb)4+4H (b) 

2HNO|+ (8H)+ (4H) - 2NH,0H-h4H,0...(c) 
Therefore» 

4Sn+Sn+ 14HNO|»4 Sn( NO|)i+Sn(NO|)4 
+2NH,0H+4H|0 1 

The formation of the other products, which are a reeult of the 
teduptum of the acid by hydrogen of a augb acbvitv* mav be 
represented as foUows 
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3 Sn+16HNOi-=3Sii (N0a)4+4N0+8H*0 ... II 

2 Sn+10HNOi = 2Sn (NOi)4+NiO+ 5H|0 .... Ill 

5Sn+24HN0B-5Sn(N0i)4+2N*+12H,0 .... IV 

4 Sn+9HNO| = 4Sn (NO|)j + NH|+3HsO V 

To test these equations, they were used to calculate the amounts 
of tin which must dissolve to the stannous and the stannic condition to 
give the observed reduction products These amounts were then com- 
pared with the experimental values. Table V shows that the agree- 
ment IS good. 

The above equations can thus be accepted as representing the 
processes of reduction of the excess nitric acid. 

Further investigation is now in progress, with a view to determin- 
ing the mtermediate stages of the reaction. 

Summary, 

The reaction between tin and nitnc acid under varying conditions 
has been studied by estimating all the products formed during the re. 
action, both in the dissolved and in the gaseous state. It has been shown 
that during the reaction in addition to the formation of stannous and 
stannic salts, hydroxylamine, ammonia, mtnc oxide, nitrous oxide, and 
nitrogen are formed. Neither mtrous acid nor hydrazine were formed 
under the conditions studied 

It has been pomted out that the variations in the stannic tin and 
the gaseous reduction products of excess mtric acid go hand m hand ; 
likewise the variation of stannous tin m solution and the voriatioo of 
the reduction products in solution, namely hydroxylamine etc. 

In an attempt to explain the reduction of excess nitric acid not 
only has it been shown that nascent hydrogen is the probable redaong 
agent, but it has further been suggested that the nascent hydrogen pro- 
duced by the dissolution of tin m nitric acid may be of two different 
activities, the dissolution of tin to the stannous condition producing 
hydrogen of one activity, and the dissolution of tin to the stanmc con- 
dition producing hydrogen of another activity. 

Chemtstry Labor(Mtory 

WtUon CoUe^t Bombay 
Isijuly, 1933. 



A NOTE ON CATALYSIS IN THE PYROLYSIS 
OF HYDROCARBONS 
By 

T S. WHEELER 

The increasirg number of technical processes which involve the 
heat treatment of hydrocarbons, such as the liquid and vapour fdiase 
cracking of oils, and the pyrolysis and polymerisation of hydrocarbon 
gases, has necessitated the development of special heat and coirosion 
reslstu^ alloys as reaction plant materials. The choice of a suitable 
material for any particular process requires an understanding of the 
catalytic rdle played by these alloys m the decomposition of hydro* 
carbons. This probably takes place with the elimination of hydrogen 
and the formation of fugitive unsaturated groups which either poly* 
merise or further decompose. 

In the apphcation of these processes it is essential that the 
material of the reaction plant should be such as will inhibit the decom- 
position of the hydrocarbon to carbon and hydrogen only. A good 
‘^anti-catalyst" for the decomposition is required. 

The following theory regarding the cataljrtic properties of metals 
and metalbc alloys in the presence of hydrocarbons at high tempera- 
tures has been evolved by the author, and serves as a qualitative guide 
m the choice of plant materials for such reactions. 

The basis of the theory is that catalytic activity in the heterogene- 
ous reactions under consideration depends upon the presence of loosely 
bonnd elections on the surface of the catalyst. These form centres of 
utense activity around which decomposition reactions vigorously 
occur. Conversely the absence of such energising centres inhibits chemi- 
cal activity. To illustrate these remarks we may mention the activity 
of iron in promoting complete decomposition of hydrocarbons to carbon 
and hydrogen. This is to be referred to the presence of mobile elec- 
trons. 

Now cmnpounds such as silica with a stable electronic structure 
do not catalyse directly the decomposition of hydrocarbons to carbon 
and hydrogen. R. V. Wheeler and Wood (Fuel, 9,567, 1930) have 
diown that alloy steels behave m this respect like sihca This liwda to 
the idea that the high electrical resistance of these alloys is due to the 
fact that the electrons are not mobile. We note m this conni>c » ion that 
t))e following properties are common in certam alloys .->(1) 
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electrical reslstancet (2) low thermal oondactivityi (3) maltiiig 
point, (4) High tensile strength, (5) A hi^ hardness number (6) High 
resistance to the action of chemicals, and that all may be referred to the 
stability of electron groaps. 

If therefore we correlate these properties with the anti-catalytic 
action we see that the electrical resistance of an alk^ may serve as an 
mdex of the lack of mobility of the electrons, and hence of the anti* 
catalytic properties m the decomposition of hydrocarbons 

With regard to the metals which alloyed with iron give suitable 
alloys, it should be noted that all the elements of valne as addittons to 
iron in the production of alloy-steels he at or near the mtmmft of the 
curve of atomic volumes plotted against atomic number. It la logical 
therefore to expect that the elements of low atomic wei^t lying at the 
first and second minima, beryllium, boron and almniniiim may prove 
of valne m the production of alloy steels and also of anti-catalytic 
materials. 



A SIMPLIFIED METHOD FOR THE PREPARATION 
OF ANILIDES 

By 

R. C. SHAH and R. K DBSHPANDB. 

Thd preparation of an anilide from a carboxylic acid is a common 
operation m otgamc chemistry. It is usually carried out m two 
wa3rs — 

( 1 ) By heating the aad and the aniline together at a high 

temperature This is a tedious process and takes a long 
time and the yields are not always satisfactory. 

( 2 ) Throngh the acid chloride, the acid being converted into tbe 
acid chloride by the action of phosphorus pentachloride. 
The acid chloride has to be separated from the other product 
of the reaction vtt. phosphorus oxychloride, wbidi ib 
removed by distillation innder reduced prassura^ before it 
can be utilised for tbe preparatum of the a nil i d a. This u 
essential as phosphorus oxychloride, if present, would it> 
self react readily with the andme, giving compounds 
like C«H»NH.POClt, CH 1 NH.PO. « NPh, and 
(C«HoNH)i PO. (Cf. Mich and Schultze, Ber , 26 , 2939 , 
Mich and Sdberstein, ibid, 29 , 720 ; Annalen, 32 ^ 245 , 
Mich and Soden, Annalen, 229 , 339). 

Thus a method is lacku^' whereby an aad can be readily convert- 
ed into on anilide. 

Barnett (Chem. News, 1926, p. 190) has described a method for 
tbe preparation of andides wherem 1 moL of the acid and I mol. of the 
amine are dissolved m 2 to 3 parts of pyridine, the mixture cooled in 
a freeezing mixture and thionyl chloride slowly added. After keeping 
for some time, the mixture is poured mto water and the preapitated 
anilide filtered and purified. No quantitative mention is made of tbe 
yields obtained by this method, it being merely stated that very good 
results were obtained with some acids and that tbe method fa il ed in 
some cases. 

In connection with investigations on the chemistry of ondide- 
imido-chlondes which have been m pr ogre ss m these laboratories for 
some time, tbe authors hod occasion to prepare a large number of 
gailides, Several attempts were ms/^ to devise a simplified method fey 
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the ptirpo9e« and oltmatoly the following sitnple and quick moQiod for 
the preparation of anilides was worked ont 

The method consists in the addition of dimethyl-aniline, dieUiyl4ai. 
line or pyridine to the crude mixture of the acid chloride and phos|dior- 
ns oxychloride, obtamed by the action of phosphorus pentachlonde 
on the aad, and subsequent addition of the amine to the well cooled 
mixture. 

The method considerably sunplifies the preparation of anilides, as 
it does away* with the tedious process of the removal of phosphorus 
oxychloride and the isolation of the acid chloride As will be seen from 
the experimental portion, high yields almost as good as those by the 
use of pure acid chlorides, can be obtained by this method. 

The success of the method is doubtless due to the fact that the 
tertiary amme greatly promotes the reaction between the aniline and 
the aad chloride, which thus preferentially reacts, to the almost com- 
plete exclusion of phosphorus oxycblmride from reaction. 

The general apphcabihty of the method has been established by 
testing it with a number of acids, mostly aromatic, and different types 
of primary and secondary aromatic amines. 

Ad attempt to extend the method to the preparation of esters was 
unsuccessful, low yields bemg obtained. 

The method is well adapted for the preparation of anilides, either 
in small quantities for characterising acids, or m quantity for other 
work. 


EXPERIMENTAL. 


Otneral Method,— 

The mixture of the acid chloride and the phosphorus oxychloride^ 
obtained by the action of phosphorus pentachoride on the aad (1 moL), 
is cooled, preferably in a freezing mixture, and dunethyl-anihne, diethyl* 
aniline, or pyridine (2 mols) added in small portions The amine 
(1 2-1*5 mols) is then added gradually, with stirring to the cooled 
mixture. With the progress of the reaction which is very rapid, the 
mixture usually thickens considerably, and sometimes solidifies to- 
wards the end. By treating the product successively with dilute 
hydrochlonc acid, dilute sodium hydroxide and finally with water, the 
anilide is obtained fairly pure, and may be further purified by crystal- 
lisation if necessary. 
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Table I. 

Tbe following aiUlides wore prepared by this method from diCRw- 


ent acids by the action of aniline. 


Anilide. 

Yield of the 
pure crystal- 
lised pr^cb 
% of Theory. 

MP. 

M P. given 
in literature. 

Benzanilide 

90% 

162f’ 

163® 

p-nitrobenzanilide 

85% 

216® 

213® 

m-nitrobenzanxlide 


155® 

154® 

o-mtrobannmilide 

75% 

154® 

155® 

o-chlorobenzamlide 

80% 

114® 

114® 

p«bromobenzamlide 


205® j 

197® 

Anisanilide 

80% 

169^ 

168-169P 

a-naphthamlide 

85% 

160® 

160P 

^•naphthanilide 

85% 

167® 

I7flP 

Cmnamamlida 



150® 

T richloracatanilide 

80% 

94® 

94® 


Table II. 

The following benzoyl compounds were prepared from varioas 


primary and secondary aromatic amines and benzoic acid. 


Compound. 

Yield of the 
pure crystal- 
lised product 
%of theory. 

M.P. 

M.P. given 
in litera- 
ture. 

benzoyl-o-mntraniline 

75% 

93® 

94® 

■1 

„ -m-nltramhne 

80% 

155® 

155® 


„ -p-nitraniline 

80% 

197-198® 

199® 


„ -o-tolaidine 

75% 

142® 

143* 


n -m-toluidine 

80% 

126® 

125® 

M 

„ -p-toluidine 

85% 

157® 

158® 

M 

,1 •^phenylamine 

75% 

178’17S^ 


*1 

a-naphthylamina 

80% 

159® 

■m 

If 

i» -P-naphthylamine 

80% 

162® 

162® 

If 

„ ■Phenylhydrazme 

75% 

168f 

168P 

n 

•I -tbiodiphenylamine 

80% 

163® 

165® 

dibenzoyl-o-phenylenediamine 

70% 

295-298* 

301® 

The anthora are thankfnl to 1 

Dt. A. N. Mek 

Imm for 1 

1 

2 


teirest m tbe work. 


Lciboratonn ofOrg/mio Chmtairtf, 
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DERIVATIVES OF SALICYLIC ACID— PART VII. 

INTERACTION OF THIONYLrCHLORIDE WITH ESTERS 
OF AROMATIC HYDROXY ACIDS IN THE PRESENCE 
OF FINELY DIVIDED COPPER. 

Part— II. 

SYNTHESIS OF THIO-ETHER OF 4-METHOXY 
SALICYLIC ACID AND RELATED COMPOUNDS. 

By 

N. W. HIRWE G V. JADHAV Y M. CHAKRADEO 

The methyl ester of 4-methoxy salicylic acid was found to be a 
suitable substance to continue the study of the interaction of tbionyl 
chloride with esters of aromatic hydroxy acids m presence of finely 
divided copper , described in the Derivatives of Salicylic aad Part VI 
— Interaction of thionyl chloride with aromatic hydroxy acids m the 
presence of finely divided copper Part I Synthesis and constitution 
of tbio-ether of salicylic acid and related compounds. (Journal AntO' 
neon Chemical Soc ) ( insert ref. when published ) 

Esters have been specially chosen in order to control the fmma- 
tion of anhydrides which occurs with 0-hydroxy benzoic acids m pre- 
sence of thionyl chloride 

With methyl salicylate it has been shown that the reaction is 
catalytic and contmuons as long as the sulphur dioxide liberated m the 
reaction is made available. The following equations with 4-metboi7 
methyl salicylate give the different stages in the reaction:— 

3Cu+4 SOCl|"3 CuCl|+S,Clj+2SOi 

2C,H, (OH)(OCH0 COOCH,+ S,C1,+ Cu- [C,H, (OH)(OCHj 

* * ' COOCHj,S+2HCl+Cu+S 

2CaCli+ SOi- C 01 CI 1 + SOiCli 

Cu,CIi+ 2SOC1,- 2CuCl,-l- SCI,-!- SO, 

2C,H, (OH)(OCHO COOCHi-hSCl,-!- Cu- [C,H, (OH) (OCH^ 

* * ‘ COOCHj,S+2HCl+Co 

The above scheme represents the mechanism truly (Q 

copious fumes of sulphur dioxide and hydrogen chloride are evolv«l; 
(u) Free snlphur is found m the reaction imxture (m) Rnlphti r ■ wm >. 
•chloride and sulphur dichloride give the desired sulphides when "fed in 
the presence of finely divided copper . and (iv) llie reaction which is 
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absent in the imsonce ef anhydrous capric chloride begins on passing 
SOs into the reaction mixture and a good yield is obtained. Addition of 
water to the reaction mixtore containing anhydroos capric chloride or 
use of hydrated cupric chloride affects the reaction favourably. 

It is mteresting to note that the additional hydroxy group in the 
4-hydroxy methyl salicylate ( methyl 0 resorcylate ) adds to the vigoor 
of the reactioni so that it becomes uncontrollable and no crystalline 
product can be isolatedi while the reaction progressed smoothly on con- 
verting it to methoxy. 

Formation of acetyl and benzoyl denvatives shows that the -OH 
group IS free and the linking la nuclear. When the comp, (thio-ether ) 
is heated hydrogen sulphide is evolved, this supports the sulphide 
structure. The probability due to orienting influences in the molecule 
18 that the sulphur links id-5 position. This is conflrmed by nitration 
oi comp. I with dilute nitric acid to give comp II which is identical 
with the 4- methoxy 5-nitro salicylic acid described by Gilbody and 
Perkin (J Chemical Soc 1902, 81, 1056). 

OH 


CH» o' 
CH, 01 


COOH 




OH 


S 


dilute HNOi 


:cooH 


I CHiO\X 

\/COOH NO, 

OH 


II. 


M.P. 226® 


M.P. 232® 


EXPERIMENTAL, 

Bts-3-carbontethoxy4-hydroxy^‘methoxy phenyl thto-ether — 

The methyl ester of 4-methoxy salicylic acid (35g) was mixed 
with thionyl chloride (50g.) and copper dust (2Qg ] was gradually added 
to it, when dense fumes of hydrogen chloride and sulphur dioxide were 
evolved. The reaction-mixture was protected from moisture by means 
of a cork carrying a glass-tube bent twice at right angles instead of 
the usual calcmm chloride tube. The mixture was left at room-tem- 
perature overnight and then warmed on water-bath for soma time 
The mature was then extracted with hot chloroform and filtered from 
copper dust. On evaporation of the solvent a pasty solid was left be* 
Q 
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hind which was washed with petrolatun ether and crystallised from 
dilute acetic acid in colourless needles. It is insoluble m water and 
petroleum ether and soluble in benzenei acebc acid, acetone^ methyl and 
ethyl alcohols, and carbon disulphide. It gives bluish violet coloura- 
tion with ferric chloride solution ( Found S, 8*2 ; equivalent 196*8 ; 
Ci8 Hi 8 Oa S requires S 8 1 per cent, equivalent 197 0 ). 

Bis-Z-carboxy^hydroxy-f^fnethoxy-thto-ether • 

The ester ( lOg ) was treated with 10 per cent, sodium hydroxide 
solution ( 100c c. ) and boiled with a reflux condenser for about two 
hours. The solution was then treated with dilute hydrochloric aad 
when a solid separated which washed with water and crystallised 
from glacial acetic acid in colourless plates, m« p. 226^. It is insoluble 
in water, dilute acetic acid and petroleum ether and soluble in acetODe» 
ethyl and methyl alcohols and glacial acetic acid, and difficultly soluble 
in chloroform and benzene It gives bluish violet coloration with ferric 
chloride solution (Found S, 8 4, equivalent 183.2 , CitHuOsS 
requires S, 8 74 per cent, and equivalent 183 0. ) 

Sodvum salt 

Sodium salt of bis-3-carboxy‘4-hydroxy-6-methoxy thio-ether was 
prepared by neutralising the acid with sodium hydroxide solution. It 
was evaporated to dryness on a water-bath and recrirstallised from 
dilute alcohol as it is easily soluble even m cold water. It crystallises 
m colourless needles. (Found Na,10 6 , HjO 3 9 , CnHuOsS Nas,HsO 
requires Na, 10.75 , HsO,4.2 per cent) 

Potassium Salt 

This was prepared by neutralising the acid with potassium hydro- 
xide solution It was then evaporated to dryness on a water-bath. It 
IS fairly soluble in hot water from which it is recrystallised as colourless 
needless. (Found K, 16 1 , HjO, 7.4 , CieHuOsSKs, 2H|0 requires 
K, 16 3 , and HsO, 7 5 per cent ) 

Calcium Salt 

This was prepared by first neutralising the acid with ammonium 
hydroxide solution and then adding calcium chloride solution to it. The 
preapitate was filtered, washed and recrystallvsed from hot water as 
colourless needles. (Found Ca, 8 2 ; HsO, 14 9 ; CieHuOsSCa, 4HtO 
requires Ca,8 4 and HiO, 15 1 per cent) 

Barium Salt 

This was prepared by treating the ammomom salt solution of the 
thio ether with the solution of barium acetate when the banom salt was 
precipitated. It was washed, and recrystalliaed firom hot water as 
colourless needles (Found , Ba, 23 7 « HiO, 12.7 ; CuHuOgSBa. 
4HiO requires Ba, 23.9 ; and H|0, 12.6 per cent) 
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4-^t$«thoxy^-ni*rp utltefNa actd * 

Bi8-3-carboxy>4-h7dioxy-6-metboxy phenyl thio-etber (2s>) was 
treated with dilate nitric acid (20cc8. of Nitric acid (Sp- Gri 1.45) and, 
80 oca. (rf water) and the mixture warmed till a ooloarless solution was 
obtained. The mixture was diluted with water and the solid obtained 
was washed and recrystalliaed from dilute alcohol in ooloarless needles, 
m. p. 232^. ( Found N, 6.4, CgHTOaN requires N, 6.6 per oenb ) 
Gilbody and Perkm ( Jour. Chem. Soc. 1902, 81, 1056 ) give m. p. 
23(/’. 

Bis-l-a<trb<im«ihoxy-\-acitoxy 6-methoxy phenyl thuxther • 

Bia>3'carbomethoxy-4-hydroxy-6-methoxy phenyl tbio-ether ( 2g ) 
was gradually added to acetic anhydride ( 13g ) contaimng a few drops 
of concentrated sulphnc aad. The mixture was gently wanned till a 
clear solution was obtained. It was then poured over crashed ice and 
the solid obtained was washed and recrystalliaed from alcohol m color- 
less needles m. p. 162°. It is soluble m acetic acid, chloroform, acetone 
and ethyl and methyl alcohols, insoluble m water, benzene and 
petroleum ether. (Found S, 6.4, CnHnOjoS requires S,6 7. per cent) 

Bta-3’Cari>ometkoxy'4’benzoyloxy-6-mthoxy phenyl thxo-ether 

Bis-3-carbomethoxy-4>hydroxy’6-methoxy phenyl thio-ether (l.5g.) 
was dissolved in pyridine and benzoyl chloride (Sg) was gradually 
added to it The mixture was refluxed on a water-bath for about 
three boura. On pourmg the solution over crushed ice a liquid 
separated which slowly solidified on repeated washing with loe-oold 
water. It was crystallised from alcohol m colourless needles, m. p. 
185°. (Found . S, 5.2 , CuHnOuS requires S, 5 3 per cent.) 

Bia-3'Carbamtdo-4'hydroxy-6-methoxyphenyl thto ether 

Bi8-3-carbomethoxy-4-bydroxy-6-methoxy phenyl thio-ether (4g) 
was put into liquor ammonia (iOO ccs.) and the mixture was mechamc* 
ally shaken for about eight hours, when a clear solution was obtained. 
The solution was evaporated on a water-bath and the solid was cryst- 
allised from boiling glacial acetic acid, m gritty flakes m p. 187° with 
decomposition. It is practically insoluble in most of the common 
organic solvents. (Found N, 7. 4 , S, 8.6 , Ct«Hi«0«NsS requires N, 7.7 
and S, 8.8 per cent.) 

Chemical Laboratonee, 

Royal Jnahtute of Sctence, 

Bombap. 



THE EFFECT OF TEMPERATURE IN FERROMAGNETIC 

CRYSTALS 


by 

C S MAHAJANI, MA.Ph D (Cantab) 

Fergusson College, Poona. 

" Noos avons didnit des propri£t£8 des lignes 'd'egale aimvitatlon 

(in the H-T plane) — l’impossibilit£ d'une Equation d'etat ferro- 

magnetisme, fond6e sur la loi classique du poramagnetisme et sor celle 
du champ moleculaire, et nous avons reconnu la nicessite de retoucher 
les postolats fondamentana " 

— WeiP et Forrer [Ann. de Phya. Jan-Fevrier 1926 

Tome V, page 153] 

“ The results of experiments do not appear to be m agreement 
with the Wei^ theory of specific heats of Ferromagnetic substances." 

— Specific Heats of Ferromagnetic Substances” by 
Sucksmith and H H Potter, Proc. Roy Soc. 

Vol 112, 1926, p. 176. 

[ 1 °] The scope of the present Paper and some introduc- 
tory remarks 

A brief summary of the writer’s first paper* was published in the 
Proc, Cambndge Pktl Soc , Vol 23, pt 2, and the main criticism 
of the work came from Debye and Pauli m an informal conferenoe 
on Magnetism held at ZOrich It was to the effect that the concept 
of temperature was n^lected and that the problem was treated 
as simply a geometrical, statical one 

The object of the present paper is to take account of Temperature 
effects, and to revise and consolidate in that light some of the mam 
results obtained before. The exact bearing of the quotations at the 
top will become clear when we shall come to explam Weil’s latest 
experunents (1926) on theoretical grounds 

It may be recalled here for the sake of definiteness, that m the 
previous paper, on the assumptions that 

(i) elementary molecular magnets in a ferromagnetic crystal 
are nothing but atoms with magnetic properties due to the presence of 
electronic orbits, 

* Published in estenso u "A Contribution to the Theory of Femoi^netle 
^r^stala.” PW. TVom. R<o See London, $erleo A, VoL 22B, pp gS^Ud. (1929). 
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(u) that m a '’speoe-centred*' stractan, — whether cable or noo- 
cnbic,— the atoms split themselves, in any steady state, into two 
groDps with two distinct directions for their magnetic axes. The two 
groups severally bebog to the two component simpb lattices. The 
two directions coincide for saturation, and are exactly oc^iosite for the 
unmagnetued state, 
we found that, — 

(ui) Webster's experimental results could be explamed theoretical- 
ly, without postulating the existence of any ‘molecular field', bat simply 
with the Old of the 'atomic actions'. 

It was also shown that — 

(iv) ' the atomic actions ' could be effectively sobstituted for by a 
molecular field according to a general law, which included both the 
cubic and the non cubic cases, — and which m the particular non cubic 
case (of Pyrhotite ) reduces to Weil's law of ‘simple proportionality’. 

Now, out of these four items, it is only (ii), the assumption of 
' two groups', that is going to be replaced in this section And as it 
was used only m the third section dealing with non saturated states its 
revision does not affect our mam results, as they referred to Saturation 
states 

The grounds for revision are mamly three — 

1. It IS plausible in the case of a "space centred" structure, 
where we have exactly two simple compement lattices , but what about 
'sunple', or ‘face centred’ structures ? There is no definite way of 
dividing the atoms mto two groups. 

2 The second is now a theoretical objection to some 
writing in 1925, L W. Mckeehan says, 

*lt appears after a little study of the older theories that none cf them have 

taken aufBcient notice of the fact that tha medium, the behavioor tA which they 
attempt to deacrlbe Is really diacontuuoua Some of the theonea are quite 
obviously faulty in this reflect. Introducing intnnaic fields of force to a greater 
or less extent, and thereby avoiding consideraUon of the plvaical basta of 
magnetic retenUvity and byeteresla. Otheia begm with the atoms but introduea 
what amounu to the aMumpUon of a conunuous medmm when groups of 
•tome are pictured as undergomg aimUltaneoualy equal changes in mi^netl* 

—Pktt IfMww 1925. Vol 26^page275 
It will be observed that this critictsm is as much directed 
our assumption of 'two groups', as it is against WeiP’s molecular field. 
Mckeehan suggests m bis paper that the magnetizing process in a body 
must proceed discontmuously m space as well as m timit , Now, it la 
not impossible to reply to Mckeehan s criticism if the group, 
assumption ware really found indiapenaible. But, as will be teen, 

3. the way m wbchithe concept of Tempetatnn is to be In* 
tpduced, renders it onpecessary to nmintiip , 
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ConvftTBely, also» if the ossomptlon is given np^ tempentoxe 
must come m to explain the existence of states other than that irf 
Saturation. 

[ 2 ®] A htstortcal Note'— 

In his article on " Para-and-diamagnetism " m [BuU. Nat, 
Res Council, Vol. 3. part 3 p. 68 (1922)], Wills has snmmansed 
the vanous attempts to introduce temperature and derive the “equa- 
tion of magnetic state" of a substance— t. e. to say to correlate in a 
relation temperature, applied field, and magnetization, viz. 

/(h.t.5)-o. 

A few points, hovraver, need to be noted here, so as to make it dear 
wherein the contribution of this paper lies 

1. Langevm was the first in the field. He introduced tempera- 
ture as m the usual Boltzman- Maxwell statistical way, and obtained 
the equation of magnetic state for a paramagnetic substance m the 
form 

0— Oo {^cosh a— a— 1!^ 

' RT 

2. This relation if written m the form 

- o - ♦ 

bears close resemblance to the equation of state of an ideal ffis, vis. 
RT; or 

density - /( 

Now, by taking account of internal pressure. Van der Waal obtained 
the equation of state which mcluded liquids as welL By analogyi 
Wei^ mtroduced the concept of an mternal (moleculaure) field, and 
obtained the equation of magnetic state for ferromagnetic sabstanceB 
as well, in the form 

[This result, as we shall come to consider more fully later, is contra* 
dieted by his latest experiments. 1926.] 

3. Many of the expenmental facts smee Langevln's paper 
'1905), did not accord with the mam results of his theory which were 
wo,— 

I AY 

(0 for diamagnetic substances 

(lO X oe ^ for paramagnetic „ 
where X ■■ sosceptibiht;^, 
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This lad to varioos attempts to modify his theory. The main workers 
m the field have been Honda and Okubo, Gans, Oxley and Frivold, 
All these attempts may be gronped as those independent of Qnaotom 
hypotheses. 

Bnt, discrepandas in other directions were revealed, which neces- 
sitated the modification ot LaDgevm’s theory *— 

Id 1911 Nemst showed that, m contradiction to the laws of classi- 
cal mechanics, the specific heats of polyatomic gases appear to de- 
crease with decrease in temperature, and the results were ascribed to 
the behaviour of that portion of the specific heat which depends upon 
the rotation of molecules. Meanwhile, the experimental mvastigations 
of Onnes, Oosterhms, Perrier, du Bois, Honda and Owen on the 
vaiiatioD (with temperature) of the susceptibihty of paramagnetic 
substances, gave results which were m opposition to equipartition 
theories of paramagnetism. The theory of magnetism was thus m a 
dilemma similar to that in which the theory of specific heat found itself. 

Accordingly modifications were introduced by bnngirg m Quan- 
tum hypotheses. And m this connection may be mentioned the names 
ot Oosterhms, Keesom, Gans (agam), Weyssenhoff and Reiche. 

It 13 important to observe, however, that none of these attempts 
seems to consider a crystal structure, such as we have under contem- 
plation. The principal aim of the paper, therefore, will be to mtroduce 
temperature in a way consistent with the lattice-theory of crystal- 
structures. 

[ 3 ^] Temperature effects tn magnettc crystals to be 
correlated mtk Ltbrahon frequencies of atoms.— 

The way to mtroduce temperature m the present theory is some* 
what similar to that which Bom adopts m his " Dynamik der 
Knstallgitter,” m dealing with specific heats of solids. Thera, only 
tbs translational displacements of atmna are considered, and only the 
corresponding frequencies are taken mto account. In the present 
(of ferromagnetic crystals), since the atoms have associated with 
them a pnvileged direction, — viz. the axes of their magnetic moments^ 
—it IS nsoessaiy to introduce Librational frequencies. Thus m place 
of Born’s— 

** Die potentielle Energie zwischen emer Partikel der Basis nni 
Siaer aadem, beids m Gleichgewichtalagen, hat dan Wert, 
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The notation is the same as in Born's, — 

T ^ ^ i” *'*' }' ( vector-eqoatbn). 

^ ^ denotes the vector joining the origin to the *A’th particle in 
TthcelL 


{0,4>) denote the orientation of the axis of the magnetic moment 
of an atom. Of course 


e 


IV 

kki 





fc' 


- < 


L These are scalar equations. 


[ It may be pointed out that so far as the purely magnetic poten- 
tiol energy is concerned, the function is, ( if the atoms be re- 
garded as simple doublets ), — 


^Xj^jsinfl^j sin6)^ cos *"[,-2003 tf*. cos tfj}. 

Cf — ^Jean’s Bkctnotty and Magnehtm p. 379 


Now, first of all, neglecting T, we determme the direction of mag- 
netization ( 0 ). Let it be ( 9oi Then we have 

To bring in Temperature, we suppose that the atoms are vibmt- 
mg and theu axes hbratiog In addition to Born’s translational dis- 
placements, we have now 

5* . &c. 


Forming the equations of motion the frequenaes are to be deter- 
mined as ID Born's articles 17 and 18. [Dynamilc der Knstallgitter 
pp. 585-59J.] 

Now the (fif ^)~hbrations reduce the average magnetic moment 
of the atoms in the direction about which the axes are libratingi and 
frequencies establish a relation with the temperature, whether by the 
the classical equipteirtition formula, or by the quantum theory formula. 

This IS the general method of introducing the efifbcts of Tempera- 
ture, in ferromagnetic crystals. 

The development of the actual algebra for this general method will 
be postponed for the present. In what follows the assumption of 
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n t n**M*ft* of a ^l y T nP*^^ '** ** ^**- itate' will be introdnoedi and molts 
obtained. Really epeakiDg, as will be seen^ this assomption is not 
jostifiable, but it does help to give some picture (rf bow temperature 
aSbcts the various magnetic phenomena. Beaidea» die reaolts obtained 
give a qualttative agreement with experiments. 

14 ^ The equaUon Magnetic state on the a^umpHon of a 
monockromahc state of UbraUan.— 

To attack the problem of specific heats of solids^ “ Kinstwn giag 
von der Uberlegung ana. da^ die Atome ernes festen K&ipers als Reso- 
natoren betrachtet werden kbnnen, dann mua^ aber ihre mittlere 
Energie durch die aus der Strabluogstheorie gewonnene Formel 

gegeben sein Einatem vemadil&ssigte zoerst die Koppelungen 

ewndien den Atomen nnd schneb dimn sAmthch dieselbe Sdiwing- 
ongszahl V zu, dann kommt den 3 N Freiheitsgraden ernes Gnuuoa- 
toms die mittlere Ei^igie 

E-3RT.P(^), 


In exactly the same way, as a first anvaxunatxMi the ‘oonpliog’ 
forces between the atoms j[ or say the ‘Jihr^s’) an now negAected, 
and one and the same frequency (v) assumed for all. 

Now let as usoal, — 
p,B 0 iagnetic moment of each atom 

and ^g^maximun amplitude of any one of them for tf'hbration. 
We pot, ^■■ 9 gC 082 tcvf 

and we get, 

' 0 



^0 cos 2 » vt I <ff 
-11 Jo(«o) 


If we are dealii« with low te mp er a tme g then fo will be emfl U 
and we can expand the integiandaod neglect lenns la^er than V* 
Now, 9 o will not be the same for all atoms even tf v a the «»— «t (bf 
assumption). The observed effect, therefore, will be to reduce the 


Baturation utensity o« in the ratio 
Ibas 




0 - I— V/ 4 ). 
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Next, the mean kinetic energy due to libratnii u (for a afogls 
atom), 



0 


— -i-A (2iev)*do* 

^ 4 

(A ■■moment of inertia of the atom abont an axis J. to its axis of 
magnetic moment). 

The frequency v is determined by the equation 

AS ^ ^ (H + H*)sm^-0 

Where the atom finds itself in a total field of force H+Hm. 
Replacing sin 9 bv ^ to our order of approximation we get> the freque- 
ncy given by 

2tv-v'ui (H + H«)/A . 

Now the mean energy of the libratmg atom-mean kinebc+meen 
potential 

- f A ( 2 * V ) do* + i A ( 2 r V )*do* 

- t A(2 »v)‘d,* 

The mean energy for N atoms, ( each vibrating with a different 
amplitude ), is 

iA(2 1C v)‘^xN 

By Plaok-Eiostein’s formula we get 

* N. A ( 2 1C V )*d? - RT. P 

where P (*) — — — 


Le.do* 


h/2 A 1C* 


and we get _ 

r hl2A r* 

(2icv)* — |i ( H + H* )/A _ 

[ 5 *] Expert mental Evidence 

Suppose m the first instance, that we expand the term 
JtvfkT ^ ^ retain the first tenn, m. to sny adopt the filaisifal, 

in plaoe of the Quantum formula for the energy. Then we iboDld gat 
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V (2 1C V )* - n (H+H»)/A 
Thai we have now 


0 


Oo 


( 1 — . 


) 


This b on onsatisfoctory result Fat, oonsidenng the order of 
magnitude even roughly, we have 


h - 1-372 X 10-‘* erg/degr. 
for Iron (i 10 Wei^ Magnetons 
- 1-8X10-* 


In Webster’s f H - 3 x 10» 

experiments I H» ■■ 6 x 10* rongUy 

This means 


O — Oo 


/ , 2 (1-3) 10-». T \ 

\ 18X10->®X3X10*/ 


-Oo [ 1-T (10->) ] 


This would mean that the temperature must be practically zero 
for the formula to represent facts. For temperatures over half a 
degree this would give negative magnetization I But, then, we 
have the difficulty that at so low temperatures, the classical formula 
has no applicatioa 

The way out of this difficulty is suggested by the followu« oon- 
Bideiations — 


We had 


cos I flo cos 2KVt 

and A9 +1* (H+Hw) sm tf—o 
In deducmg fran these, the results ‘ 

1 

and(2«v)* - |i (H+H,)/A j 

the assumption was that gojs small. Now the radiation-eiistgy. 
formula has shown that jjT/T’ comes very great, and 9, 
be treated as small, and only the first two terms will not do in the 
«i|ianBii»of oQs (9ecos2ffvt], 
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The only way to proceed seeau to be to aolve the aquation 
1/v 

f ft cos coa 2icv0dt 

and A 6+ p.(H + H»i) sm 9 ■■ 0 
to a greater approximation. 

(tt) The assumption of a monochromatic atafa w not jnstifiaUa. 
(lit) The quantum formula must be adapted. 

Racogmzing these points, we may proceed to see the ganeial con- 
sequences of the theory 

We <ihnll obviously get — 

ft — |i ( 1 — ®oV4 H- . . . &c. ) 

-ft (l-<9o’/((»o*)) 
and V « Fl(H + 

and the equation of magnetic state will be of the form . 


0 “Oo 



n hlZAit* 

and(2tcv)»-Fl(H + Hm),tfo} 


Of coarse, for small values of 9o we have 

Oe^/W) - i tfe’ 1 
and F - ft (H+H«)/aJ 


iVoto— This difficulty about the order of magnitnde and the 
necessity to solve the equation more exactly was nobced too kte 
to correct the whole work. The exact discussion regarding Webster's 
curves is not possible without actually working out the results. The 
explanation about Weil's curves of hu latest experiments, however, 
holds good, all the same The modifications will be very slight 
Therefore, a very rough argument is given instead, for Weil’s 
curves — 

In what follows, will be assumed the following form for the 
solubon of our problem — 


h/ 2Aff* 

, hv/iT . 


, -„{i_ ?.■/(«;■) } 

gad 2^v ■■ ^ }i (H + HmflA 


Call this a “ pr o vision al 
soIntiOD". 



in ttraerottsMfsiuitnnninRROMAGNBnc CRYSTALS I4l 

Wrttfer’c corvBi: — Neglectliy thatim pw t ii w eflbeti tfaaresnlt 
obtuoed in the pnvioos paper to expbon Wdwtor'e Graph ma 
H X (/«)iMri » i a|Ji/> 

There (/) was the saturation value, and it was concluded that the 
nght hand wHa being Constant, a rectangular hyperbola was obtained. 
But as was also pointed out "the actual tables do not give the product 
H X constant. In the case of either crystal it slightly in- 
creases with the field (H) The theoretical formula we have 

obtained does not account for the slight increase in the value of the 
product H X with increasing (H), nor does it exptam the 

sadden drop " 

It sterna now that the cause q/ the dtscre^nos is to be looked 
for in the temperature effect. In the relation 
lap,/ mm Const, 
we must now write 
Om lot ( /■ } 

Oo { 1 — f (fit) } for / 
and p .0 { 11 }*”!*- 

and we gst 

H* ( to Jmax » la)ie Oe { }• 

-la p .0 to { l-2tfoVW)l opproic. 

From the form of the " provisional solution," we see that, we get 
an exact rectangular h]rperbola if 9e* * 0 

A/2 An* . 0 

-i) 

lA. T — 0 

Secondly, if T — 0, 0o* diminishes as V increaaesb — as H 
increases. t.e. the product H x ( o« ) max should go on increasug 
as H increases. This is borne out by the numbers which Webster 
gave to us , — 


Ckystal B 

Crystal A 

H 

1 

(aii)max 

H (oiihnax 

H 

(9ii)max 

H (to)niax 

( 1 8310 

l297l* 

1 246807 1 

3640 

444 

161616 

117620 

1 34o 1 

1 262890 1 


49-1 

152210 

5530 

43 

237790 


53*3 

141642 

3500 

64 

224000 

2150 

63*4 

136310 

2030 

96*5 

195895 





These tables are given in the previous paper. 


* The only enepdon H rises and the product falla 












142 


JOURNAL OF TRB UNlVBRSlTy OF BOIIKAT 


2. Wdp expedmeiits in (1917) [J. de Ph. if 8.t 7, 1917] . 

These led to his dedncing the result 

■ and indepeadent of T ( Sea next article ). 

Now, this result can be arrived at from the present theory thus : — 
By the " provisional solution ’* 


o IS a function of 
md sS- 




fcv/Ax 

If we retain only the classical term 
at *T/2A7C« 2*T 

” V* “ |i(H+H«) 

•% 0 18 a function of (ir^> 

H + H». 

I. e. = — — f (o)* 


Now, as we shall see, the later experiments of Wei^ contradict this 
result. This means that the Quantum form must be retamed. 

[6®] Experiments of Wei^ 


In both instances, experiments were made on mckel. 

1. The paper of 1917 contams the following-argument “ . . Je 
defimrai dorevanant le champ moleculaire pas, Hm u etant 

09 

I'energie de I’unite de mass de la substance, et la T et o des deux 
variables With obvious notation 


du - Cod T—Hmda 
dCo _ ^ 

do " ar ■ ‘ 


(«) 


T da 

From (a) and (3) we get 


Again dQ - CadT — (H+H») do 
and dQ/T is a perfect differential ... Ac. 

laCo a^/H+H, 

■“"■arV T 


( 0 ) 



^ H+Hm 

ar “ T 

_ dHm a*H 

ar ar*’ * ' 
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Haw, the expArimental carves of a » const on tbs (H| T) plsns 
give struct lines 



•*. We get 

_aCo _ dHm a /H+H«\_n 
da aT"aT\T/ 

••• I 

H- -fi(o) J 



(Exact copy of ''£g. 2 " pege 130 J. de PL S* 1917) 

f 

Weip observes thersi "... Mains les droites sont sonvent eoa> 
dies et le hen des coudes partage le plan en rigions dont chacnne, 11 
semble plausible de Tadmettre correspond & un etat particulier de fat 
matenire. 

La relation liniar entre la temperatnre et le champ, poor nna 
aimantatimi donnie entralne des consequences theimodynamiqnes trbs 
lntiressants"t These 'interesting* consequences are the ones men* 
tioned above via. 

(H+H*)/T- fi(o), H«-f,(o), 

2. On the other hand, the experiments m 1926 yldded corvee 
et a dUtbrent shve [Exact oc^ from Ann. de Riysiqne Jaa.*Fevr. 
1926 pp. 206-7]. 
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It IS these curves, and theur curvilinear character which are referred 
to by Wei0 in the etataoiant quoted at the very hegnaungef due paper, 
Wei^, further, observes; "Le caracterecurviligoedeso=a)DstaAt,4^1i 
au-deasns du Point de curie, n'est done pas contredit par I’eapdrienoe 
au-dsssous de ce point Cost oette constatation qni obtafe i 
les hypotheses fondamentales pour I’etablissement de rdquation d'etat** 

It will be shown now that the only * modification ’ forced upon os 
h to accept die experimental result that 

“ 

Notice, however, three general features about these corves. 

(i) All of them if continued down to T«>0 will cut the axis of H 
below the engin. 

(u) The concavity la tfan 
axis of T. 


ofall rnrvaasa 
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(ill) Tbe carves tend to be straigfat os H increases. 

Thaae thraa foatores are borne out by tbe present analyaia- 
linking tO OUT ptOVlSlODal SOlutlOn " 

0-0, { I -V / m } 

. _ hlZklcl 

Wo see that the curves o— constant are given by 
v^« Av/ftT — j constant ( positive ) 

WtT - 1<»(1+ 2^) 

Writing X for T 
and y for H+ Hm 

and substituting (2irv)’— n (H+Hiii)/A 
We get _ 



lo&(l + 

where L, M are po8ihx>e constants. 

We can write it in the form 
£ ^ L ^ 

y </jr'iog^ 1+ 

Inspection shews that 

(i) the curve passes through the origin xmmywmO 



and » 


<- 


(u) j increase as y increases From these two facts it 

follows that the concavity of the curve is away from the axis of x 
(tx. T). 

Next smce y— H+Hmi and since the curve passes through 
(o,o)i the efihct of taking H only for y is to shift all the curves down^ 
wards— tiS. to say they will cut tbe axis y H) below the ongin. 

(lu) Observe also that the equation 

* Iog(l + M/V'y} 

reduces to ^■■^yforlaigevahieeofy fA tbecurvestend tobe 

M 

lines as y increases This is a characteristic which ta poeseased 
by the ciuvea mquestioa as given. 

s 
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[7°] General Remarks 


As regards testing the theory quantitatively, we have seen the 
difficulties, and the question is postponed for the present In 
fact the so-called 'manochromatic' formula for the equation of 
magnetic state does not represent the reality, since we cannot 
neglect the coupling forces between the atoms. Besides, owing to the 
discovery of the difficulty about the order of magnitude, — and hence 
the inadequacy of the approximation, — (which discovery came too late to 
rewrite the whole paper) — it seemed best to adopt what we have called 
the “provisional solution" The defects of the provisional solution 
most be explicitly mentioned here ^ 


1 


^Vv 

LL ■■ Ul - - I GOa 9 dt (ot) 

cos 2nvt (^) 
Afi + JI. (H+H-) sin «-0 (t) 
- 5 A/2A 1C* 








Of this system of equation (a) and (Y) are exact and will persist 
In any approximation 

(P) 18 a solution of (Y) only to approximation up to 0*, and m 
that case 

(2iev)*-|i(H+H»)/A 

But if this be accepted, then surely we cannot avoid accepting 
|t— p,(l-tfoV4) 

Since, if sm 9 can be replaced by 9, cos 9 must be capable of 
being replaced by 1 — 9*l2 But that leads to on absurd result. There* 
fore we could not expand cos 9 up to {l~6*l2) And hence the relations 
9~9o cos 2nv< 
and (2icv)*- p. (H-I-Hm)/A 
are not valid for the approximation required 

And hence the provisional solution is defective,— as it is a nnxtuia 
of two degrees of approximation Yet, it is hoped that the 
argument will remain unaltered, even when the exact solution is 
obtained 


[8“] Hysteresis — 

The concept of ' hbration ’ gives the following picture of hysteresis. 
Suppose we start from the un inagnetized state. The atomic 
axes are pursuing a random rotary motion (as in Langevtn’s theory), 
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Of ftio possibly libiutug about sovstEl diroctiouB symmetncally aitnat- 
ed| (as seams proper m the case of crystals), that is to say the motion 
18 general bat only a superposition of several definite frequencies deter- 
mined by the crystal structure and the couplii^ forces. The point is 
that thpre is no privileged direction Introduce a field H This 
establishes such a direction The general motion of Mibration at 
random ' begins to be modified, and the atomic axes tend to bbrate 
about this direction more and more The body thus shows a tendency 
to magnetization. As H increases, the frequency of libration in- 
creases, the maximum amplitude dimimshes (if T is to remain the 
same), and consequently the average moment of the atom in the direc- 
tion of the hbration axis increases. This causes increase in the 
magnetization (a) 

Now suppose the field H is removed. This removal does not change 
librations into random motion at once 1 here is the field H created 
m the process of magnetization That still persists The effect of 
removing H is simply to decrease the frequency, and hence to in- 
crease the amplitude (if temperature is to remain the same), and thus 
dimmish the magnetization. If Hm is strong enough a point will be 
reached when Hm is sufficient to maintain the librations without 
further decrease in the frequency. The corresponding magnetization 
will remain, and the body will behave as a permanent magnet ever 
afterwards. That is Hysttresvs. 

If, on the other hand, Hm is not sufficiently strong, the decrease 
in frequency will soon bring about a state when the atoms, one after 
another, begin to break away from the libratory motion, to lapse mto a 
random motion. This reduces (a), and consequently Hm also duni- 
nishes. In this way the process once started, gets accelerated, smd m 
the later stages, the magnetization dies away quickly. This again ex- 
plains the lag of (o) behind (H) The time taken by the body to return 
to the unmagnctized state will of course depend upon its structure and 
the nature of the constituent atoms 

1 9° ] Concluston — 

1 . It is suggested that the concept of temperature can be brought in 
the theory of Ferromagnetism by means of hbration frequencies The 
method requires to be fully worked out by means of a polychromatic 
formula. The 'monochromatic,' formula which is worked out gives 
absurd quantitative results, %f onl^ thefirsA approximation t$ taken. 
The exact form of the solution explains qualitatively the results 
of Weil's latest experiments. It may be that this way of introducing 
temperature will not answer the facts. But almost all extant theories 
on xnagnetiam have been unsatisfactory. And it is as yet too early to 
yay whether this method will or will not work. 
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2 Tho recent expenmente on the epodfic beet of Ferromagnetic 
Substances do not agree with Wei0 theory of the same (cf : quotation 
at the beginning of this paper) ,^it seems very likely that a aatis- 
factory theory can be worked out on tho present lines— i. e.p by 
acbptiDg Born’s way and introducing in addition» hbrational frequencies. 


Note i. — Mckeehan's suggestion that magnetization most proceed 
disoontinuously in space as well as in time assumes^ as he himself ad- 
mits that there is a slight mhomogeneity in the matter. Now we are 
here trying to bnild a working theory for a crystal. And thus the 
argument of inhomogeneity can scarcely hold good. 

On the other hand even in the regular structure of crystals quan- 
tum processes will introduce discontmaites, due to the sudden jumps 
of electrons from one stationary orbit to another, the magnetic 
moments of atoms will suddenly change This possibility is never 
domed But it is so difficult to take account of it mathematically. In 
that case the only change in our statement will be;— 

" Let |i. •^average moment of the atom for a long tune. '* 

Again, there is no reason why the assumption of groups should be 
opposed to atomic processes, as far as the observable phenomena are con- 
cerned. The sab atomic process may not admit of 'gronps-assumption/ 
But when once that is got over by putting 
[i— average moment • &c , 

the groups-asaumption can well be mtroduced, if required. 


Note 2.— Alternative formula for the equation of state. 

[1** ] We shall follow Livens’ method, p 392 but we must taka 
account of the following three points of difference — 

(a) In Livens’ case the magnetic potential energy is put down as 
- p. B [ A ^ sm*5+C cosl?(<|i+^costf)]. 

Here each charged particle is separately oonsiderod, and on 
account of the gaseous state collisious are not excluded 

In our case, on the other hand, our magnetic molecules (or ele- 
mentary magnets) are so to say fixed at the lattice-pomts. of 

these IS a complex stnictnre, bat is now treated as a magnet with 
moment p,. The individual motions of the orbital electrons ate 
not taken any notice of ,— and hence the molecule as a whole has 
the magnetic energy - piHcos 9, We may suppose that our magnetic 
molecule is somewhat like an elongated ellipsoid of rotation. 

For a Fenomagnebc molecule, p, is fairly great to be eenatbiy 
tended as constant, 
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«*• Imtiod < 1 / Ldvmf expmalon we adopt 
— p. H cos F for the potential energy. 

[ The justification for assuming the above model is — " . . Mon 
kann soimt out eine langgerstreckte from der Elementar magneto 
schhe^eu, deren Iftnge sich aber vorerst richt abschitzen lA^t. 
Auch sprechen diese Versuche zugunsten der Hypothese, da ^ im 
*'niagnetisch reinen Eisen" die Elementamogneto vorcebildst sindf . . • 
V*', Gerlaah. ] • 

(b] It is easily seen that in our case, E sT+ V is conserved^ 

(c) Thirdlyi we assume that the * ellipsoidal ' magnets have no 
spin about theu: axes. 

ijB. n=s4> + ^costf«0 

[2^] Thus m our Ferromagnetic case the problem becomes 

T-*A (ff*+8mW) 

V*-p.H costf 
where total field present 

Now following Livens we have 



tt— sm* Q i>, 

09 

E -®1+ 

2A 2A sin*9 


|iH cosF. 


With obvious notation 


dn - aa 

dQ - sin di. d9.d 9, 
a is determined from 


a 




Now obvioosly we get the magnetization per nnit voinme aa 


M|1 


rrrr 1 t*” COS®-^ - 

f f f f cos. • a ' 2A 2A sin 9 ) 


, 2iui$d0did9d9 


SS!S 


j . . . . I /ifcT 

a ^ '' mik$.d6. 


d^dedft. 


Now the integrations with respect to ^ and 6 simply oat 

from the nnmerator and denominator, and wa ore left with, 

( V n eatotation). 
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0 — Co 




{•‘"“•‘’"aAnStfi}'*' 


9ln9d9d9* 




[If we were to put ftnO, we get back to LAngevin's case]. 

As m Laugeviu's case the lumts for 0 may be taken as 0 to v. 
Then putting x as cos we get . — 


a — oq 

We take the lumts for ft to be— «» to + ». Foti as 

ft— A sm* $ there is aothug geometrically impossible for 

to be very large. 

Now carrying out the integrations with respect to ft first, and 
using 


J e * * ■■ i/ »/«, we get 

-00 


f'^^dx'xe X v^2A( l-**)/*T • 


dx e 1*'^*/*'^ v'2A ( l-*»)/T •/* 

1 


jy^x v'nr^i eV-^f^^dx 



)HSMm^0FfBlfP8RAtDUli«FSRlt01IAGKEnc6RVATAL9 l51 

Nota .'—Thu fbnnilk for Ferromagiietiam ditbis ixam Langavia'i 
for Panunagnetism m three respects 

(i) presence of the extra foctor V i— 

(u) Oo (—np.) a mach greater for a Ferromagnetic snbstaooa. 

(Ui) in 4^ , H-H extemol+H mtemal. 

The internal H may be put equal to No following Wei^ ^-or 
equal to (o) more generally. [/ (o) an odd function ] . 

It u to be noticed that the final result comes oat independent 
of A. 



DISCONTINUOUS FLUID MOTION 
By 

Mr. S. D MANERIKAR B A . ^om. ft Cutab.) 

The general equations of motion of a fluid, when its visoosity and 
compressibility are neglected, were discovered by Lagrange and Euler. 
But it was found that some of the results according to this theory — ^the 
so-called classical Hydrodynamics — are m complete disagreement with 
observed results, even in the case of fluids like water whose viscosity is 
very small and was considered unimportant. So much so that practi* 
cal people were doubtful as to whether there was any relation between 
theoretical Hydrodynamics, and the actual behaviour of fluids. 

Some of these surpnsing results may be mentioned. According 
to this theory, a body exposed to a stream of perfect flmd would ex- 
perience no resultant force at all, any pressure on its face being com- 
pensated by equal and opposite pressure on its rear. A particular case 
of this viz. when the body is a sphere was first solved by Dirichlet 
and is known as “Dirichlet's paradox.” 

Accordmg to the classical theory the form of flow about a sym- 
metrical body 13 the same behind as in front. This is quite difierent 
from what is observed in actual practice If a flat plate is held fixed in 
movug water, the hquid refuses to close in behind, and a region of 
more or less "dead-water” (14. still water) is formed, entailmg a large 
resistance. 

Thirdly, accordmg to theory, the velocity of the fluid at the sharp 
edge of an obstacle should become infimte. In practice the veloaty is 
very great to start with, but speedily duninishes owing to the forma- 
tion of an eddy. 

Fourthly, the classical theory would mvolve negative pressure m 
a fluid. Rayleigh remarks that there is nothing in the constitution of 
a perfect liquid to prevent the existence of negative pressure. But in 
actual practice it is not observed m the cases, where according to 
the classical theory it should occur. 

It is clear therefore that some alteration is necessary. If we take 
viscosity into account, the problem becomes too bard. No general 
solution of the equations for a viscous fluid has yet been given, though 
particular cases have been solved. The scientist therefore still kept 
the assumption of a perfect liquid. 

It was Helmholtz who first pomted out that there was nothing m 
the nature of a perfect fluid to fmrbid a fimte shpping between con- 
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iigms layen and that the poaubihty ci such an occ urran ce was not 
taken into aocoont in the common theory. 

To make dear the improvement efiSscted by this theory let cs con- 
•ider the case of a flat plate moving in still water. This was solved 

by Kirchhoff and discossed 
more fnlly by Rayleigh (Two 
dimensional motion). 

The flmd behind the plate is 
supposed to move strictly with 
the advancing plate and to be 
separated from the main fluid 
by a sur&ce oi separation. 
The tangential veloaties on 
the two sides of the surface 
are different. There is no 
velocity normal to the sorfaoe. 

If the plate be assnmed Ax- 
ed and the fluid to flow about 
it| the fluid behind the plate 
is at rest under a pressure equal to that which prevails at a distance 
The surAioe d discontinuity is determioed mathematically by condition 
of constant pressure (equal to the pressure to the "dead-water" 
region). 

If ^ IS the pressure and u the velocity at a distance, and P the 
density of fluid, the pressure at the middle-pout of the front side of 
the plate is by Bernoulli's equation^-i- iPw* (smoe at this point the liquid 
comes to rest ). The pressure on the rear side is p If the liquid were 
to oome to rest at all pomts on the front side, we should get 'the 
total resistance equal to 

^ Ptt* X the area of the plate. 

This IS only an approximation. The liquid does not oome to rest 
at all pomts of the plate, and more exact theory gives the total nab- 
tanee eqnal to 

— Pm* X the area of the plate. 

4 - 1 - T 

(l^^-0'44 approx.) 

Experimentally, the resistance is found to be about Pm* x area of 
the plotab I. s. more than twioe as great as the theorefacal valoe. 

The reason for this disagreement between the theoretical and the 
exparimental values is this. In practioe tiie presanie jut britf«wi ^ 
slate ie not eqnal to, but leu than P the pnesnie at a ^Ustance. 
This cannot be taken mto account m Kircfahoflrs theory. 

T 


Fig. 1. 
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Bat the new theory is a great improvement on theddar onoi which 
did not give any resistance at all. At the edges the new theory does 
not give inBnite velocity It does not give rise to negabve pressu reSt 
and the form of the flow according to this theory agrees better widi 
experiment than the form of flow according to the older theory didi 

Let ns now consider some of the objections that have been raised 
against this theory Lord Kelvin objected that the motion was con- 
trary to the ** minimum energy theorem ” ( called after bun )« As 
Lanchester points out this objection has no force. For the minimum 
energy theorem assumes the absence of discontinuity^ and when the 
assumption is rejected, Kelvin's theorem does not hold. 

A second objection put forward by Kelvin was that such a surface 
of discontmuity would be unstable This objection is perfectly valid 
and explains why m practice such a surface is not observed. There is 
no sharp dividing line between the mam flow and the “ dead water “ 
region. 

A third objection is the existence of circulation along the rectan- 
gular curve C ( see figure 1 )• By Kelvin's theorem circulation along a 
closed curve moving with the fluid ( assumed incompressible and non- 
viscous ) does not change. As there was no circulation at a distance 
m front of the plate, it is argued that it is not possible to have circula- 
tion behind. On the other side it is argued that this circulation is duo 
to viscosity, and that though in aninviscid fluid, the circulation could not 
occur, the objection does not hold for a fluid with small viscosity. The 
argument is incorrect For though it is possible to generate circulation 
in the viscous fluid, yet quantitatively the existence of so much 
circulation m a fluid with negligible viscosity cannot be explained 

The error m the objection was discovered very late. Kelvin's 
theorem applies to curves moving with the fluid. The curve C has 
not moved with the fluid The lower portion has come with the mam 
portion of the fluid, while the upper portion has always been there. 
Hence before some time the particles forming the upper and the 
lower portions respectively were separate, and the two together did 
not form a closed curve. 

It has been mentioned that the theoretical form of flow does not 
agree well with the observed. It is assumed m the theory that with 
respectto a oo-ordmate system moving with the body, the flow is 
stationary, which is certainly not true. 

According to the theory there is no ''suction" behind the bod^i 
because m the dead-water region the pressure is constant and equal to 
the pressure at a great distance from the body. But expenmant shows 
that this suction has a great mfluenoe on the reststanoe expenmoad by 
the body. 
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Tbe reason why the hydrodynamically possible discontiiiaoaB 
potential flow does not exisL lies m the instability of the sorfoce of 
disoontinmty. (See above) 

One can think of the sorface of discontinuity as a *'vortez-layer**' 
This vortei-layer shows a tendency to "curl," u 0 . the vortldty is oon- 
oentratad at some points and taken away from the region between 
these points. This observation suggests that there may be stable 
arrangements of isolated vortices, which can be regarded as the end- 
prodnct of the vortex-layer. 

Such an arrangement was found by Kdrm&n, called Kdrm&n 
vortex-street after bun. By assuming the existence of such an 
arrangement behind the body K&nn6n calculated the resistance on a 

cylinder (two-dimensiODal flow). He found it equal to ^ ( \J^2u) 
+ 9 -^ where P is the density of the fluid, the vortex strength, 

m IT m * 

U the valoaty of the body relative to the fluid, w the velocity with 
which the vortex-system moves forward relative to the fluid, A is the 
distance between the two rows, and I the distance between two 
adjacent vortices of the same sign (see Lamb, p. 211 for a fig. of the 
stable arrangement). The calculated resistance agrees very well with 
the observed. 

Tbe stability consideration gives 

Cosh ‘/z *• Sinh 

i e. - *> 0 281 approx. 

M " i-tanh-^-^ 

21 1 

Heooe two of the quantities have to be determined by experiment, u 
and I say. In this respect Kirm&n's theory is not complete, for wbni 
the size and shape of the cylinder and the velocity of tbe cylinder 
relative to the fluid, are given, it is not possible to calculate the resis- 
tance without measuring two quantities. 

Heisenberg (Physik. Zeit. 1922) has triad to obtam tbe resistance 
on a flat plate moving normally through a flmd He assumes that the 
flow IS a discontinuous potential flow to start with, but later 
into a K&rm4n vortex-street, whose dimensions he has found out from 
purely theoretical considerations. The results agree well with expen- 
ment It remains now to see how the surface of discontmuity resolves 
itself into the stable arrangement of tbe Kdrm&n vortex-street This 
problem has not been solved But Rosenhead (m P.R.S. 1928) has 
proved that a plane surface of discontmmty degenerates into a row of 
penodipally distnl^ated vortices of tbe same sign. 
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SfHtmtftrr-— Wfl have Men bow tho costumoos potMtU flow did 
not a^ree wdl with exporimoat. It was modified Hdmholtx who 
assumed that a surface of discontinuity could occur. We have seen 
the objection to this, firstly that the surface is uostidsle, and seoondlyi 
the resistance given by it is much less than the experimental valuer 
We have^seen that Kirm&n and Heisenberg have found theoretical 
values whidi agree very well with 6xpenment» and lastly we have a 
proof by Rosenhead that a surface of discontinuity does actually leeolve 
into a vortex-row, 

APPENDIX 


Reference has been made to papers by K&rmin and Heisenberg 
A more detailed description of the two papers will be given here* 
K&rmAn --'^Uber den Mechamamos des FlQssigkeits-und LufN 
widorstandes". (Physik. Zs. 1912) 

If we assume that at some distance behind the body the flow does 
not differ appreciably from the flow due to the stable vortex arnmge- 
meuti and that at some distance m front of the body ( the distance is 
large compared to the hnear dimensions of the body), the fluid is at 
rest, then we obtain an expression for the resistance by the ^plication 
of the Impulse Theorem. 

We use the co-ordinate system which moves with the vortex 

system (which moves forward with velocity u m ^tanh-^with 

respect to the fluid at rest, ([ = Vortex strength). With respect to 
this oo-ordinata system, on the assumptions we have made, the flow is 
stationary at some distance in front as well as behind the body. In 
front there is uniform flow with velocity m, behind the body the 

velocity components where 


r 8in(«^ + «)^ 

X 18 due to the vortex system at rest. ( See Lamb.) 

Relative to onr co-ordinate qrstemt the body moves with velocUy 


U-Mi where U is its actnal velocity. In time T» ( I is fhe die* 

U-« 

tance between two consecntive vortices of the same sign ) a new pdir 
of vortices is formed. We calculate the increase of x-lmpolse m tUe 
time T ( t. e. between two instants of time after which the flow fiat- 
tern IS exactly the same as before ) m the following region We taka 
two parallele ± 1 ]. and two pandlrfa « ■rAwat. m ftrwif nn.1 tMJilml 
the b^y at a great distance from the body. The line behhkl tits bodly 



imum nmtcKB mam uana» 


Ml 


if 10 diMsn thf t it is nsstly in ths of two vortioN of oppofito 

^gpi. 

For ft rflfion so rh*"***" tho unpiilM oxorted on tbs bo^Y 
JJ Vfdi (whore W 18 the roaistftnce) 19 equal to [tha diffidence of 

impulse in the region Sit time # “T and <" * 8 + T the impulse im- 

ported from outside ] + [ the time integral of the pressure on the 
boundaries (rf the region 

We calculate the quantities one by one. The increase m im- 
pulse in time T* increase in J Jp u dxdyi But the interval 


Fig. 2 
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T is SO chosen that the flow pattern reproduces itself exactly with flie 
exception that the body has moved forward 1 ■ ( U*~ w ). T. 

The whole doable integral reduces to the djflbrence of the integrals 
on the regions ABCD and A'B'C'D'. botii of breadth t. 

For A'B'C'D', the x - component of the velooty is - n. ^aad for 

ABCD it fa-i*+ ~ 
dy 

^ fl /iW 

The whole quantity I»“P J J y-dxtfy. 

If we take limit i] -aee, then we obtain 

Ii-PC*- 

Hie sum of the imparted impulse sod the tune integral of ptessute 
will be taken togetiiar. 

If we take any potential flow u {x. y), v (x. y) and consider a cer^ 
tab regkMwthsn the «-impoIse imported per sec^ J (!**da — « v diji, 
when M| o are be vdodty co mp me n t s on the boundary. The pres- 
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ran gives, for x-oomp(»ant, J p df. By BenoolU. b ■*»*V«*y 

potential flowp * const •*• The sum of* both integnb 

(multipliad by tune T) la 

I* ■ T I J* p(i4* dy ^ uv Jpdy J 

■ TP 

- ^ ax 

or if wa introdoca w “ — iv = ^ 

Ij = ^ IW (/ W* dM ) 

where Int denotes that the imaginary part is to be taken. 

On the bonndaries we pat f# ■ — m +u\ v "t/ then the tenni 
in u* disappear ; the terms in m also disappear continuity (the in- 
coming fluid ■ the outgone fluid), and only the terms m u*\ ti o' 
remain. This gives a value on the line which goes through the vortex* 
system (AD in fig*)* 

If we let tj->oo, then 


I, {/*" (^y*} along AD 

« ' -loo 


If we pat w instead of w iff. then since T 

1 •' 0 U— « 

5“ '’C7(u- 2i*) + P^^ 

W. Heisenberg " Dimensions of the Kannan Vortex'moHoQ** 
Figare 1 (already given) represents the flow (2-dmmdoml) 
aboat a plate of length d (kirchbofiTs disoontinnity flow). It is the 
only known flow for which the veloaty at the end of the plate remains 
finite. The s h aded portion behind represents the "dead'water ", and 
the lines bonndug the portion the cnprps of disopntbaity. 



DlaboMfiiiuotis uatio^ 




Tbeaa cnrvM on koown to be nzataUe. We assume tiiat very 
near the (date the carves of disoontiaaity exist, and that th^ break np 
at some distance bahiod. Thu ossomption u justified on experimental 
grounds. 

Let U be the velocity of the plate relative to the water fassn m ed 
to be at rest at °o) and let w be the velocity of the vortices. Then 
relative to the vortices, the veloaty of the plate is U — Let I be 
the distance between two successive vortioes of the same sign. Then 

T " fj~r^ ^ ^ period, or the time between the diedding of two 

snooesaive vortices of the same sign. If ( u the strength of each 
vortex, then if we consider the upper row of the *' Karman vortex- 
street ” only (an«imwtl to OTise from the breaking up of the upper sur- 
face of discontbuity) {| u the mcrease of circulation m time T or (AT 

par unit time " ^ (U-w) (l) 

In the dead-water the velocity is zera Outside the veloaty is U. 


.'. The curve of discontinuity itself moves with velocity 

Length of curve generated per umt time « ... (2) 


.’ . Circulation generated per umt tune 



( 2 ) 


Smce m an incompressible frictionless fluid the circulation re- 
mains unaltered, the two expressions (1) and (2) must be equaL 

•.«.i ■ ^(U - «) (3) 

Another equation u obtamed from the fact that a oertain''fixed 
quantity of water always moves forward between the two vortex rows. 

f I I (Outside the vortex 

I j M * ‘ particle does not 

‘ - ill move very for from its 

origmal place. But in- 
side, It u oontmuaily 
moving.) 

Thu quantity of water 
a the water pushed for- 
ward by the {dote • V.d» 
According to Karman 
the complex potential of 
the ** vortex street ” la 
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sin {*«-») i 
V iLlog— ^ 

* 2- .i«(^+.)f “ 

where ^ 

J -6 

Q tha quantity of water * J Vh ds ^ J I (Wd!i) 

a a 

whero I imaginary part and W * w — rv ^ 

04 

.-. Q-l/ l/‘iX.[l(X)]* 

fl a a 

The terminu 0 , 6 of the integral must he on the stream lines— the 
boundaries of the required water flow. The exact position of a. t 
on the stream-lines does not matter. In the present casoi the boun- 
dary stream-lines are the only ones which in the Y directions. 

0 * — »oo I 6 » + too may be chosen. The path of mtegration 
is from s 1 00 along the stream line till we come near the vortex^ 
then alo!^ ds. and then along the other boundary stream Ime to 

»-+»« Q - l(^+»oo - ) 

Now by (4) 

X log * ^ + 2 

.+S. 2 , 

For a ■ 0 (ci does not appear in the imaginary part of X). 

Hence | )- ) | (5) 

Urf-0-^ (6) 

Karman gives Se - »« (7) 

0-281 

Fromt3) i U* - (U-w). 
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<...1 

gives “ ■ 0*229 • (9) 

or ^ - 0 771 (9b) 

From (6)i uamg (7) and (8). 

Urf » «s/8-H0*281). 


osiDg (9) ^ (0 281) (0*229) " ^ 

4 - 1 54 . . . . . . (11) 

d 

I h 

(9a) gives a much smaller value for - and —r but as the carves of 

d d 

discontinuity are inclined outwards this possibility cannot be realised. 
Karman gives as empirical values 

~-0 20 ,--5S 
U ' d 

The resistance also agrees well with eapenment 



♦relativity and cosmology— part I 

By 

V V NARLIKAR ESc.(Bom0.aA.(Cuktab.) 

Professor cf Mathefnahc$» Benares Hindu Ufi^versity. 

INTRODUCTION 

I should like, m the very first instance, to express my most sincere 
thanks to the Umversity of Bombay for their kind invitation to give 
this course of lectures. 1 am alive to the honoor they have done me 
thereby and incidentally to the responsibility that rests on my shoulders 
in return. 

I did not want to lecture on relativity alone as the subject has of 
late gone into a rut Moreover it has lost m a relative sense, the 
glamour it bad during the first few years after the war. On the other 
hand the subject of cosmology is centuries old. Men in almost every 
walk of life, philosophers of almost every shade of opmion have in- 
dulged m the very fascinating game of speculating on the origm of the 
umverse. Cosmology is, therefore, a vast subject and I know nothing 
of its extension in the strictly philosophical domain. 1 have therefore 
decided to give a short account of certain principles of relativity that 
would facihtate a smooth entry into the domain of cosmology. 

The relativistic treatment of cosmology is fascinatu^ from the 
stand-point of sheer mathematics It has a number of problems that 
look as if they can be easily solved and yet have defied the attacks of 
some of the most eminent mathematicians, past and present It is an 
excellent field for the research students who are hunting after problems 
and I have therefore chosen this for my subject. 

The Theory of relativity can be studied from four different points 
of view . (1) Gravitational astronomy, (2) Geometry, (3) Electro- 
dynamics, and (4) Philosophy. 

Let os now consider how the need for the theory of relativity 
arose from the standpoint of gravitational astronomy. 

The throe laws of Kepler concerning the motions of the major 
pUnats about the sun are very well-known. Newton dedooedfrom thwi 
the law of gravitation which has achieved such remarkable success 
not only in the solar system but m all the regions of space &mX have 
been so fax explored. According to the first law of Kepler each planet 

*Tfali Is ■ report of she loetnns delivered on the subject in Januaiy 1933 by 
Prof. V. V. NarUksr under the tusplces of the University of Bombey. 
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naovM in an altipae of which a fociw u at the son. The eaoond aaya 
that the laditis vector fran the son to the planet deecribes eqnal areas 
in eqnal intervals of tune, while the third is that the square of 
the periodic tune vanes as the cube of the mean distance. It is 
true that the planets move m a rough sort of way so as to be subject 
to these laws. But if we take the Newtonian law of gravitation as 
fundamental and Kepler's empirical laws as the consequences of the 
former then the motion of any planet is perturbed owing to the gravi- 
tational attraction of the other planets m the solar system Thus 
Newcomb' has shown that one result of perturbation m the case of the 
Mercury is that the ellipse of Mercury itself rotates about the sun at 
the rate of 332" per century But it has been observed that the rota- 
hon IS approximately 373" a century i. e , 43" per century more. On 
the Newtonian hypothesis no satisfactory explanation of this extra 
rotabon could be given. Several attempts were made to account for 
these extra 43" per century but to no success and it was olti- 
mately left to the theory of relativity to explain the phenomenon. We 
will come to these considerations later on but it ought to be remarked 
here that the success of the theory of relativity in this par ti.-nlnf ^ 
attributed more to chance than to any intrinsic merit m the latter. 

An interesting position presents itself at this point. Kepler’s 
objection to the geocentric theory of the universe in which the planets 
moved m cycles and epicycles was that it could not account for 
s' in the revolution of Mars Thus the Newtonian theory arises out 
of the s' of Mars while Einstein's theory arises out of the 43" of 
Mercniy. One expects that an improvement on Einstein could 
only out (rf a still more subtle phenomenon 

Next consider the approach to relativity from the geometrical 
point of view. Before the advent of the theory of relativity it was 
customary to use Euclidean geometry for the exploration of all the 
fields of physics. That the parallels meet at mfimty, which is an 
axiom of Euclidean Geometry is certainly contrary to common experi- 
erne ; and it has therefore to be taught at school as that ultimately, it 
becomes assmulated into ones habit of thought As it is beyond the 
scope of our observabon we may with eqnal justification say that 
parallels meet at any distance of the order of 10’* miles. If therefore 
our space is not subject to the Euclidean geometry the possibibty 
arises that the empirical laws of physics which hold good u our 
neighbourhood may not do so for the large-scale phetwm Anp 
cosmology is concerned with snch large-scale phenomena and it is there- 
fore necessary to apply non-Euclidean geometry to the study of the 
physics of oosfflology, Thus relabvity and cosmology can be 
even from the geometrical point of view. 

Maxwell's equations for elactromagnetic phenomena are tnw only 
fsr a fia64 fraiqe of reference, The form of the^ equationi irhm 
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refwrad to a oniformly moving set <rf axes mi flnt givao by Lofinti. 
But Lorentz’s form demanded a dutortion in the ■paoe*time fnune 
which appeared absurd on the basis of classical ideas. Lorentx and 
others contended that this distortion was doe to the drag of the all- 
pervading ether on the moving frame and that the distorted space 
and time were not, therefore, real. The classical conception of the 
ether was, however, soon found to be unsatisfactory and rdatavity 
rfliTifl forward which, while it retained the mathematical analysis sup- 
plied by Loreutz gave a strikingly new interpretation to the mathema- 
tical results. The details, we may for the present leave aside os our 
business now is only to indicate how a topic in electromagnetism bads 
to the theory of rebtivity. 

It becomes obvious from Einstem's earher papers on the theory 
of relativity that a good deal of his inspuation came from the philoso- 
pher Mach * The btter questions the very soundness of the ideas of 
space and time which Newton expresses m "The Principm”. In his 
" Prtnctfiies of Mechamca,” published m 1893, Mach* argues that it is 
a very idle suggestion of Newton's that the tune flows on umformty. 
The flow can be uniform only with reference to something and hence 
the phrase, “uniformity of flow" has got no meaning m the absence of 
a standard. The conception of time probably arose out of a necessity. 
Our forefathers perhaps found it necessary to regnbte their bves some 
way in which case it seems reasonable to suppose that the nsii« and 
setting of the sun provided them with a standard to mark off equal 
mtervab. Thus the classical theory of space and tune did not satisfy 
some of the searchmg philosophers of the pre-rebtivity days and a 
new theory such as the relativity theory was hunted for. 

The modern conception of the universe is that it is a fimte and 
unbounded hypersphere of radius 10** cms., approximately. Yes I It 
IS at once flmte and unbounded in the same sense that a circb has a 
fimte length but neither any begmmng nor an end. The total mass m 
the umverse is estimated at about 10**, the mnAa of the son being 
1.99 X 10** grs. Incidentally it becomes obvious that even as regards its 
mass the sun is a mere nobody in the galaxies of the universe^ and the 
question arises as to how all the masses m the universe are distributed 
in space. 

It has been estunated that there are over 10** stars m the uni- 
verse. All these stars, planets, nebulae, and other celestial bodies seem 
to possess each some rebtive motion with reference to the other 
in the umverse. There seems to be no body in the sky which is at 
absolute rest The Greeks thou^t that the Earth is at rest and that 
all the other bodies m the space move about the earth. It was left to 
Kepler, as we have already remarked to poll this theory to pieces. It 
should however be observed that even if the geocentric theory of tiw 
tlqtverse was disproved by Kepler he had not yet proved that tiM 
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airib cannot at abacdate raat Tba question tvas still open 
to 6Dq:uiry and experiments were proposed from 1887 onwards to 
determine the absolate motion of the earth. It was quite m keeping 
with the {diiloaophy of the tune to imagine that some sort of a fbced 
mediomi no matter how rarSi extends over the whole space, in which 
all the material bodies are suspended. Such a medium may have fixed 
landmarks with referenoe to which they thought of measunng tibe 
veloaty of the earth. 

It is deedless to go here mto the senes of experiments which are 
associated with the name of Michelson. Suffice it to say that the 
central question of the absolute motion of the earth slipped through 
the search of all experimenters. One important outcome of all the 
experimental investigations was that it was found out that the velocity 
of light cannot be compounded with the velocity of the source accord- 
ing to the parallelogram law. That this is so has been very ingemously 
propounded by de Sitter from certain considerations of double stars. 
To make the argument simple we will treat the system of the sun and 
the earth as a double star £ j 

In the accompanying diagram 
S 18 the sun and Ej, E|, Et 
and E4 are four positions in 
the orbit of the earth such 
that the time to pass from 
any one position to the next 
IS three months According 
to the classical ideas if v is 
the velocity of the earth in 
the orbit and 0 the velocity 
of light, the latter will leave ^ 3 

m the direction SE4 with velocity o— v and six months later light 
will leave Et in the direction SE* with velocity c+ u. Thus the light 
from E| moves with a greater velocity thap the light from Ei and it is 
obvious that at some distance d an observer will receive the light from 
El and E| simultaneously. Au observer so situated will see the earth 
simultaneously m the two positions. From a simple calculation one 
can see that such an observer will have to be about 10^® kme., from 
the son. Now about thirty to forty per cent of the stars m any cluster 
are generally double stars and an occurrence as antiapated by de 
Sitter should be a matter of common observation. But as this pheno- 
menon baa not been observed one expects that the classical law of the 
composition of velocities fails when one of the velocities concerned is 
that of light 

Einstein gave quite a sensational interpretation to the fiulure of 
aU experimental investigations to detepninq th^ absolute motion of tbs 
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earth. It la that !t is not possible to detennine tiia abaolate motion by 
any optical instrument and that the velocity of li^t is always tiie same 
whatever be the motion of the source. The whole structure of the 
theory of relativity is based on this interpretation and any evidence to 
the contrary would be enough to destroy the relativistic {diilosophy. It 
will perhaps be of some interest to remark that Einstem's interpreta- 
tion was subject to much criticism when first made and Prof. MQler^ 
of America^ one of his early critics still persists in his opposition. 
We find, however, hardly any sound justification for this opposition in 
Miller's investigations. 

Einstem, therefore, enunciated as a law of nature that the velo- 
city of light 19 a constant c, the same for all observers movmg m any 
manner. A recent estimate gives c equal to 2 99794 X lO^^cma., sec*'. 
The question tliat now presents itself is whether any physical bodies in 
the umverse can attain veloaty greater than that of light. According 
to relativity a velocity greater than c, cannot be associa te d with mat- 
ter or energy in any form as such velocities do not come withm the 
range of experience. Many would challenge this statement as experi- 
ments could easily be suggested where a velocity greater than o should 
be discermble according to the classical ideas. Consider for example 
an experiment suggested by Eddington. If a powerful search-light, 
thrown from the earth, is made to rotate about eleven times a second m 
the plane of the orbit of Neptune then the observers at Neptune should 
find that the veloaty of the beam as it passes across Neptune is greater 
than that of light. The solution which the relativist suggests to this 
difficulty IS that the prediction of the observers of the earth as to what 
will be observed on Neptune is, based on the Newtonian conception 
of space and time. But the relativistic four-fold of space-tune is 
warped, the time-scale near the earth is not the same as the time-scale 
near Neptune and it could be possible that the observers of Neptune 
will find the beam moving with a velocity less than c. That this is 
not only possible but is invariably so will be understood when an 
insight mto the general theory of relativity is gained. 

The Special Theory of Relativity. 

Although it is true that we are concerned only with the space and 
tune mtervab between two events, frames of co-ordinate axes facUi- 
tate the work of ordering the experiences. A rectangular cartesian 
frame (xysf) is said to be Galilean when Newton's first law bolds good 
in that frame. Now this law states that 'every body perseveres in its 
state of rest or uniform motion in a straight line, except in so for as it 
is compelled to change that state by impressed forces". Hence if a 
frame K is Galilean another rectangular frame which movea 

away from or towards K with a uniform speed in the same stral^t Imp 
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is also Galilaaa. Lst us call this other Galilean frame As we 
have already remarked it has not been possible yet to detect the abso- 
lute motion of any body in space* Hence there is no standard Galilean 
frame K with reference to which only the laws of Nature need be true. 
In other words the laws of Nature should hold good with reference to 
both K and the latter being any two Galilean frames. In essence 
this is the principle of the special theory of relativity. 

Following Einstein one expects that the velocity of light is the 
same whether the observer is at K or The Gablean transformatioa 
connecting K and is Ji/ * jt— wt', a/=*y, i'-r when K* moves 
with a uniform velocity u, along ox, and away from K. Hence if a 
light signal is sent along the x-axis in K the velocity of light m the 
latter frame would be c while it would be c— u in the other Evidently 
the Galilean transformation is not consistent with the restricted 
principle of relativity, and a new transformation must be devised to 
meet the requirements. 

The Lorentz transformation was found to iit m satisfactorily with 
the special theory. It runs as m/), 

J = z, if where B - (1— This gives 


d:^ldt 


so that when 


dx 

dt 


dxidt—u 2 
\ — u dxidt c 

is also IS c, and conversely. 


According to Lorentz who discovered the transformation in connection 
with .electro dynamics (Z, 3/, 0 are not real if the other co>ordinates 

are. On the other hand, as there is no standard by which K can be 
judged to be superior to Einstem pats both the frames on equal 
footing. This woold mean drastic changes in our habits of thought 
about space and time. 

Einstein has also deduced the Lorentz transformation from a 
certain set of plausible assumptions. He does this in three steps. 
At the very outset he assumes that the required transformation between 
*1 0 and (a/, 3/, s', t',) most be hnear and the cause of the 
linearity according to him is the homogeneity of space and time. 
This argoment has appeared obscnre to some and attempts have been 
made to obtain the hnearity from first principles.* Once the linearity 
is accepted Einstem next applies in succession the prmciples of the 
relativity of the rod and the clock and deduces the Lorentz transfer* 
niAtiftp . The principle of the relativity of the rod is something of the 
following sort A and B are two neighbours so that naturally, either 
diacoonts the other's story. A has a cow which, he says, gives eight 
■sen of milk per day, and B thinks that the cow most be giving only 
four seers in {dace of eight Suppose by some chance the cow becomes 
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the property of B Then if B tells that the cow gives ten seers a day, 
A IS bound to think acoording to the analogue of the principle in ques- 
tion, that the cow really gives five seers of milk in place of ten. Thus 
the principle of the relativity of the rod says that if a metre rod in the 
frame K appears to be one-tenth less In the frame then a similar 
impression will be received in K if a metre rod is placed in the 
frame K^. To understand the pnnciple of the relativity of the clock 
it IS necessary to know first what is meant by a clock The fnnction 
of a clock 13 to give equal intervals of time. Hence to get a clock 
ready we have only to procure a metre rod and define as a unit interval 
the time taken by light to traverse the distance. From the standpoint 
of a common observer the metre rods in K and K' differ while the 
velocity of light is the same. Hence the standard clocks m K and 
slIso differ. As the principle of the relativity of the rod has already 
been used all that the principle of the relativity of the clock amounts 
to IS that the velocity of light is the same in both K and This is 
the third step m Einstem's deduction of the Lorentz transformation. 

The obvious interconnection between space and time in the 
Lorentz transformation gives rise to quite a new philosophy. Let us 
consider two observers K and carrying each his own Galilean 
frame. Suppose that the two are together at f O when a light signal 
IS sent. After a time t it will he somewhere on a sphere with centre 
0 and radios c/, where c is the velocity of light. Let in the meantime 
K*, who has a uniform velocity u along ox arrive at C/ so that OCy ■ 
ut Draw O'P perpendicular to OCy so as to meet the sphere some- 
where m P. Let us suppose that the signal was originally sent m the 
direction OP Let the time of reachir« at P be ^ according to O'. 
Of course t cannot be equal to ^ as the measures of time of K and 
differ Hence O^P^c^ The distance O^P being perpendicular to 
the direction of relative motion will be the same accoidu^ to the 
estimates of K as well as K'# 



Fig. 2 
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Contidering O, O', P as threa points in the fnme K, m get 


c*t*“ u*t*+c*l^ 

i - t(i- 

Abo the distance QQ( is / or when measured 1^ K| while the same 
distance is or Mi' when measured by K^. Thus 


We have seen here that the same distance 00' is measured as / by 
one observer and as by another Similarly the same duration of time 
la measured by one as i and by the other as t'. There is no reason 
why the measure / or i' should be preferred to the other smd hence 
the concept of absolute length becomes futile when it comes to the 
measurement of it In the same manner the clocks of K and may 
be synchronized at any chosen moment but as the same doxatton is 
given by different measures on the two clocks the events that are 
simultaneous to K are not so for K' after hence the concept 
also of the absolute simultaneity foils 

The effect on the moving rod is sometimes called the Fitzgerald 
or the Lorentz contraction and the slowmg up of time m the moving 
frame, the Einstein dilatation These effects may be deduced straight- 
away from the Lorentz transformation itself. Take two points X\ and x% 
in the frame K corresponding to points z'b in K' at a certam 
instant i. Then 

As B> the observer m K will say that the observer in will find 
on measurement the distance, Xi-^Xu B tunes greater. From this K 
will deduce that the rod m is B'^ times as short as the measuring 
rod in K, This contracbon of the rod K attributes to the motion of 
Similarly, choose two time-epochs ii and h at any point x. Then 
from the transformatiOD. if t'l and t's are the oonespotiding instant^ 
/'i— i'f «B fri— /|) 

K finds that according to the clock of the duration is B 

times greater. In other words thinks that in the moving frame K 
the clock runs slow. 

Although neither the space- interval aor the duration of thne is 
invariant for Galilean transformations there is a new entity S which 
remains invariant. This is defined by 

S* ■ c*(«i - /i)*- (if* - Jfi)*“ (y* - (»i "" »i)* and hence 

also - (*',-*'!)*- (y.-yi)*- (/.- A'O* 

It is clear from this that space and tune, considered indivkhadlY rednoe 
to secondary unportance m relafavtty. S is called tiw ''interval" 
V 
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betwoea two events pu.i xi^ yu «ii and x%t y% The interval 

may be broken by dififerent observers into different sections of space 
and time. This does not however mean that apace and time are 
really on the same footing in the theory of Relativity. Only one is 
complimentary to the other. For if we look at the veiy form of S’ the 
coefficient of is positive while that of (:rs— ;ri)’ is negative. 

Moreover in the very deduction of the Lorentz transformation Einstein 
makes use of two independent principles, one, that of the relativity of 
the rod and the other, that of the relativity of the clock. The rod and 
the clock are the two ultimate unanalysable concepts of the theory of 
relativity It is, therefore, utterly wrong to say that relativity has 
removed the distinction between space and tune. 

All this new philosophy arose, as we have seen, becanse the 
absolute motion of the earth m ether has defied all experiments 
made to determine it Now not only the absolute motion of trans- 
lation cannot be determined but the absolute motion of rotation 
also is beyond the means of experiment It has often been suggested 
that this latter motion should become manifest through the centrifugal 
forces that evolve with it Newton, himself, was of the opinion 
that the absolute motion of rotation of the earth can be determined 
from a knowledge of the centrifugal forces. Mach objects to it on 
grounds that the centrifugal forces can arise also m a relative motion 
of rotation, that if the earth is supposed to be at rest and the 
framework of stars be supposed to be rotating there would be no data 
from our sense perceptions to distinguish this view from the current 
one and that the centrifugal forces might therefore arise, very 
naturally, also in this case. The story of an interesting experiment 
hangs here. Newton’ proposed the rotating bucket expenment 
to demonstrate the existence of absolute rotation. A bucket about 
half full of water, was kept hanging vertically by a twisted wire. 
As the twist was released the bucket began to rotate. The water 
was first horizontal, but gradually the bucket unparted a motion 
to it tdl at last the bucket was stationary, and the water rotating, 
so as to rise from the middle to the sides of the vessel. Initially 
when the backet was rotating and the water stationary there was no 
rise of water and Newton advances this in support of his argument 
that centrifugal forces do not arise in a relative motion of rotation. 
There is a very subtle and serious flaw in Newton's argument which 
Mach points out. The relative motion is not really the same m the 
two coses considered by Newton. In one case the water rotates 
not only relative to the sides of the vessel but to the fixed stars 
as well, while m the other only the vessel and not the stars ore 
rotating relative to the still water. 

This brings us directly to the idea of fields of force to be 
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uaodated with matter in motion generally. In the natural philoeopfay 
of NewtODi apace and tune were something hke definite markings 
on a large handkerchief. Suppose for a moment that all the objects 
of the universe he on one such handkerchief of a four-dimensional 
extent. The and motions of these objects are studied under 

the influence of forces with the help of the space-tune markings. 
On the other hand, in the new philosophy the four ends of the 
handkerchief are tied together by the law of the velocity of light 
The objects inside disappear from our view and creases on the cloth 
come into view. The creases alter as the bodies move inside. 
Each body has its own field of force which is revealed by the creases 
on the handkerchief The general theory of relativity is concerned 
with the study of the curvatures in space and time introduced by 
matter and motion. 

The concept of a curved space-time is strictly foreign to the 
reader of relativity. Its implications are deeply rooted into the 
subject and we shall discuss them briefly later on. We will content 
ourselves for the present merely with mdicating how relativity has 
changed the philosophy of mass. In relativity fields of gravitation 
can be intense enough to defy exploration It is not, for example, 
possible to explore a centrally condensed mass. Suppose we have 
a large pole going out of such a mass and a monkey runs down it with 
a rod and a clock then he will never reach the centre of the mass. 
As to, why this should be so we will learn from the general theory of 
relativity. 

In the general theory of relativity we do not confine ourselves 
to the Gahlean frames only The Lorentz transformation ceases, 
therefore to fill the theatre of action from now on, new objects called 
tensors come mto view. 

To understand the tensors consider first the restricted principle 
of relativity, which says that all laws of Nature ora covariant with 
respect to the Galilean frames. In the general theory we want 
equations to indicate the covariance of the laws with respect to all 
possible co-ordinate systems. A tensor, equated to zero, furnishes 
an equation of this type which accounts for the unportance of the 
tensors in the general theory. It is very important to know which 
relations are good for all the co-ordinate systems and which are valid 
only for a oertam co-ordinate system. Suppose we look at a man 
sitting on a table through a number of convex lenses, using one at 
each time. One of the impressions that will ever persist while 
these observations are being carried out is that a man is sitting on the 
table. But we would have different unpressions about the sizes 
and iodmationa of the legs of the table or of the bee of the mant 
the legs cf the tabl^ are unifqmi may be an imprssspo 
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than M no convex lens bot that certainly doaa not olwaya lamidn 
tbe impressioa , and banco this is not anything like a tensor rabtion 
while the other observation, vis., that the man and die table are 
together is of the tensorial character. 

A tensor equation looks something like the following . — 


*1 

Ayi 


tt 

Jt 




The symbol on the left hand side is called a tensor of the order 
r where r=p+q, it is further said to be contravariant m p suffixes 
and oovariant m q suffixes. The above equation really stands for 

equations where the r suffixes tu • • - 

up any of the values I, 2, 3 to fi Analytically two tensors 

are alike when they have the same suffixes at the top and the same 
suffixes at the bottom, in both the places the order of the suffixes also 
being preserved. When there is no suffix attached to a symbol the 
latter is called a scalar. A single suffix gives a vector, contravariant 
or covariant according as the suffix is at the top or at the bottom. 
Essentially there is no distmction between a covariant and a 
contravariant vector. If a matrix A transforms a covariant vector 
mto another the matnx (A^^^ transforms a contravariant vector 
mto another. But if we call B*(A')”', (B')“'“A. The dash la 
used here to indicate that the rows and columns are interchanged. 
Analytically there are two types of vectors, those which are transform- 
ed by the matrix A and those which are transformed by the matnx B. 
Either type may be called covariant the other type being then 
consuldred to be contravariant. 

In the general theory, an lofinitesunal interval ds is defined by 

IS the fundamental tensor of Relativity. Davidson and Germar* 
considered a number of tensors generated by ^ giavitatioiial 
equations of Relativity are 

T 

(lT is the contracted Riemann^Chnstoppol tensor, 

8 IT G 

the energy tensor, K stands for-^— 1 ^ 2 , where G is the gravitational oon- 


Where G 


stant. The term X is the cosmological term. It was Emstern who 
pr^xised first this small correction to hia relativity equations to get a 
fimte spherical universe. Later, in his exposition, Eddington has 
attached some philoeophical significanoe to thte steA whicb, however, 
bgs not been widely accepted. It was only last year that Ripstsm 
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ptoposed to do away altogether with X, Eddington and a large number 
of other relativists are not prepared to take this step* We shall come 
to this topic again later on.* 

The units that are commonly used in relativity are called natural 
units and might prove to be of some mtere^t here. In the natural 
umts the gravitational constant G and the velocity of light c are both 
unity, and the unit of time is the second. The unit of length therefore 
Is 3*10'® cms., and the unit of mass is given by G = M"''L*T^ i. e., 
6 65 X l(h* “ M"' (3 10)®. (l)^ or M ■ 4 06 x Itf® gms , which is the 
unit of mass. This is rather a large unit for the mass of the sun turns 
2 70*® 

ont to be only x 10** i. e,, units approximately. Now 

4 06 

comes a very interesting point. Mass in relativity is recognized, us- 
ually, either from its martial aspect in which case m = ) 10** units or 
as a region of singularity of a certain radius. In the latter case, of 
course, it is convenient to express mass in units of lei^h Now a 
unit of length here is 3 10^® cms., and, therefore, the mass of the sun 
might be expressed as 1 5 kms 

Let us now consider the question of the interaction between mass 
and space. The Schwarzschield solution for a particle of mass m is 
of the form 

It IS obvious that the 'radius’ of the sun as defined above is 3 kms 
It becomes clear even from the study of the mternal field of a body of 
sfriiencal symmetry that 

2fn < a 

where a is the radius of the sphere. Let P be the average density of 

the mass. Then P < | 

8r 

Given the average density of a si^iere there is thus a limit on the 
radius of the sphere. Thus when the average density is that of water 
it can be shown that the radius of the sphere cannot exceed about 400 
million kilometres We should remark here that the lunit on the 
radius given here is applicable to all spheres with a radical distnbn* 
turn, the case considered by Schwarzschild being only a particular case 
VIZ.) that of a homogeneous sphere. 

Why should there be a limit at all in relativity on the radius of 
a material sphere ? The reason is this matter by its very presence 
mokes the space about it curved so that as matter begms to be packed 
about a point the space about it gradually carves so that ultimately no 
more matter can be introduced mside 

Emdem's equation for a polytropic gas sphere of degree » is of 
tlwfom 
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Where * is the "tedoced” radws and tie “rednced” temperature. 
We have worked out purely out of mathematical interest the relativjs* 
tic analogue of this equation which is 


x*9* +- 
dx 


or 

l + A0-2(»+l) A* — 
dx 


Htxt A 



being the pressore and P the density, both expressed 


ID natural units x is such that at the surface of the sphere x"le 
In Milne's theory of the stellar structure the question of a centrally 
condensed sphere comes to the front In a model of this type the 
condensatiou at the centre may be great enough to make the apphca- 
tion of the relativistic correction necessary It is with this end in 
view that we first attempted to obtain the above analogue. 

Another question that we have found of some mterest to discnss 
IS whether space can hold condensed radiation under its own gravita- 
tion The mathematical formulation that we have made of this ques- 
tion 19 as follows IS it possible to have a distribution of matter for 
r^a such that P P (r) « 3^ where P is the density and^ the pres- 
sure * The result of our investigation is that radiation cannot condense 
ID this manner 

There are several properties of the distribution of matter which 
satisfies a line-element of the form 


dj* = + gii dx^ Xft, dxj* xg|* dx^^Xgu dx^ 
where gn, g%u gw aud ^44 lu^y be all functions of Xh xu Xi Aoi We 
shall go into all of them, but mention here one which we have found 
to be of special interest. It is that at each point of the three dimen- 
sional space p (dv) 7 is a function only of Xu x$, and xi where p is 
the pressure and dv the elemental volume at the point m quastiom 
We may call this the adiabetic law for the expansion of space as in 
deriving it we have used the property that the proper mtutR of the 
element dv remams unchanged m tune 

We come now from the interior of a material body to its exterior. 
Let us consider now the external field of a pomt mass.* The 
empirical value ofr, detemuned in the sun's gravitatioDal field, u 
certainly different from the value of v known in para mathematics. 
The radial distance from r ■ fo to f “n 


n dr 
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\n 

We shall take fo > 2m. If — is very small 
d “ ri—r^+m log-^ approzimataly 
The empirical value of r , eay » ^ will be given by r > ■ 

Hence - — log-^ • if flo ■ 0 (m) 

T fi m 

If we take for fpt the mass of the sun and for ri the average distance 
of the earth from the sun we find that r ‘ differs from r m the sixth 
deamal place. 

We wUl wind up with considerations respecting the bending 
of light which at once attracted the public attention and proved a 
genuine test of the theory of relativity. We know that a particle 
having a finite velocity at infinity describes a hyperbola under the 
gravitational attraction of another mass. If we take a corpuscle of 
light moving with velocity c its path under the action of the sun would 
be a hyperbola, the velocity is, of course, supposed to be c not every- 
where but only at the perihelion. The ai^le between the two 
asymptotes gives the deflection of the path of light and is found to be 

I when Binall where m is the mass of the son and R the distance from 

ll 

the sun at the perihelion. From relativistic considerations we get for our 

deflection in the same problem. In relativity the deflection is 

obtained by considering the field of the snn. The geodesies of the field 
are asanmed to be the possible paths of lights as well as of small 
particles. The particle problem is this We consider a star occulted 
by the snn. If the light really bends round the son as theory predicts 
it should be possible to photograph the star even when it is occulted. 
But such a photograph could be taken only at a total eclipse of tbe snn 
for under other circumstances the stellar unage would be lost sight of 
on the photographic plate In order, therefore, to calculate the bend of 
light it IS necessary to predict from where and when a total eclipse of 
the snn would be visible. To add to this a known star must then be 
occulted by the sun. Only when all this is done and the weather 
oonditiODa and the local conditions are favonrable the necessary expert* 
meat can be started. 

FreundlichC^ has suggested that the relativistic efifoct on light is 
not large enough to account for the observed result It has been sag* 
gasted in this connection that the gravitatioiial equations of relativity 
have not yet attained to their final form and that perhaps, they could 
be 80 re-wntteo as to remove this difiScnlty, I understand that the 
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solar eclipse for which expeditions were sent to America last July was 
not favourable for making any new test on the bend of li^t 

A certain interesting aspect of the mathematician’s mind has been 
brought to light in a recent book, “TAe World of Sotence” by a mathe- 
matician of repute, Prof H Levy. It was said by one of those cynics 
whom one meets on the London embankment that Sir James Jeans is 
the Pope and *'Thc Mysterious Universe** the Bible of modem saence. 
The same cynic might have called Prof H Levy a Martin Lather 
For the latter challenges the sigmficance of one of the most easily 
accepted criteria of scientific advance. This criterion is what is called 
the simpliaty criterion according to which the simplest law is chosen 
when alternative laws can be found to fit facts. Prof. Levy argues 
that the criterion is meaningless as ^^simphcity” itself is not mathe- 
matically defined What is simple from one point of view may not at 
all be so from another Suppose we want to find out the simplest 
mathematical law connecting x and y which would be in conformity 
with the following five pairs of values 

x-l * = 4 x-9 x^\6 x^25 

One might consider ( vide H Jeffreys ** The Scientific Inference " ) the 
simplest law m agreement with facts to be y* * 4*. But an alterna- 
tive law according to which y»0 for all values of x except the five 
may be called with equal justification the sunplest law. 

I do not think the question of simplicity deserves to be treated in 
cold blood like this It really arises on the frontier of science where 
the leading scientists are continually engaged m a guerilla warfare. All 
the mathematical laws which fit m with known facts are in the field so 
long as they help further inferences and predictions Only that law 
which IS most fruitful m predictions ultimately survives the rest The 
surviving law is more easdy assimilated than the alternative, less suc- 
cessful laws and is naturally treated as the simplest Thus the 
simplicity of the law may be due not to anything intrinsic but to oar 
getting more familiar with it. 

A position arises in relativity where the need of the simplicity 
criterion is felt. There are three invariants K = G 

®®^*ant derivatives with respect to 

furnish when equated to zero three alternative laws which are consistent 
with the laws of the conservation of energy and momentum. The 
law corresponding to K has been now in the field. The resson for 
choosing this particular law m preference to the other laws is that 
It baa been most successful in its applications. One is also led 
to bebeva that this most ancoessful law is the simpleat of the three 
to work with. 
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Of the new principles that the theory of relativity has brought 
10 its tram those of eqmvalence and identification deserve a place 
here. The principle of identification has to be very frequently used 
m special problems of relativity. The idea behind it may be very 
eas 3 y explained. A vital equation of a problem which should be 
tensor equation cannot often be put down for wont of knowledge 
of the necessary tensor. But it is possible sometimes to formulate 
the equation in a certam set of co-ordinates. Suppose then that we 
hit upon a tensor whose components in the chosen co-ordinate 
system are the same that we have used then we look upon this 
tensor as the required tensor by the pnnaple of identificatioii. 
This prmciple has been need m equatu^ the components of an energy 
tensor with multiples of those of the contracted Riemann-Christoffel 
tensor. The general gravitational equations of relativity were first 
written down in the cartesian co-ordinates and were taken over to the 
tensorial form by the use of the pnnciple of identification. 

The pnnaple of equivalence is, comparatively, of greater impor- 
tance, in the formal development of the theory. According to this 
pnnciple some of the differential equations which are true for a flat 
spaoe-timo are also taken to be true for a curved one There is no 
a priori reason for doing so in a particular case. The method followed 
here is simply to try and see. When the method is successful 
appeal is made to the principle in question , when it fails it is not 
the pnnciple that is blamed but the equation under consideration I 

Talking generally, in applying both the principles mentioned 
above the procedure adopted is the same Starting from certain 
assumptions we deduce first their logical consequences to some length. 
Then we try to proceed backwards by inference from certain data 
which are either empirical or which still hold the field because of 
their success. The processes of dbduction and inductiOD are thns 
welded together at some point where an appeal la made to one of the 
two above pnnaples. 

We shall now try to present one or two problems in the theory 
of relativity that have occurred to us. We propose to consider two 
kinds of static solutions of Einstein’s field eqnations for gravitational 
[dienomena. firstly, those which give the field inside and in the 
neighbourhood of a condensahon, and secondly, those which give static 
universes. Our own universe is now considered to be expanding but 
as the cause of the expansion from an mitial state, static and unstable, 
is not yet fully expired it may be worthwhile to discuss difiPerent 
static states that are mathematically and physically possible. 
However some considerations will be firitf presented abmt the 
solutions of the field-equations in ganetah 
w 
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The form erf the line-element that oomeB vary fraqiiently In 
cosmological discussions is 

ds* *= — 6\dx\ — ff*id*** — -f 

where each fi la a function of xi, xt, xt, and xt. If we pat 
SjdKt dXs etc., Xi, X], Xb and X4 become, in general, qaan-oo- 
ordinates. If only the pnncipal components of the energy-tensor exist 
the relativity equations reduce to the following , 
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Besides these there are the six equations 


X-8«- (T'l-iT) 
X-8e- (T*,-JT) 
X-8r (T»,-4T) 


X-8w (T'.-iT) 


0^1 era wi c^4 

I 

In the above A stands for the Laplacian operator for 

]fa9SS S9 • 

6 dx + 6 dx - 9 dx , similarly for A i A and A 

SflS44 II 4 

As regards the six operators of the type^u we have 

d* _ d log d d log ^4 d 
Am dxi dxt dxt dxi dxi dxt 


This type of operation is also associated with the name of and 

the operator is known as the Laplacian operator of the second Und. 

A most general discussion of the above ten equations woald 
be beyond our scope. But we can suggest a way for obtaining new 
particular solutions For this spbt up the last six equations into tbe 
foUowmg twelve 

Ais^i * ^11^4*0, “ Au ^4 " etc. 

We have obtamed some particular solutions by solving these sixteen 
equations which we hope to publish m detail elsewhere. Here we 
ahull merely content ourselves with the remark that some of the most 
well-known solutions belong to our gronp* vtx., Lemaltre's sohitions 
and Schwarzychild's for a particle 

We do not think that the general field of a nebula has been 
worked out, even to the first approxunation m any of the standard 
text-books or memoirs on relativity. The resnlt of our examinatlnn 
yields the following line-element ' 
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-d-^r - |Xr-®) (d!**+dry+dlf*) 

+ (l+~Pr*yXf*+4T^f'+«) (ft* 

Hen«stand8for ^wh«» 

fl n rn 

Mil Ml, mif . Mm are supposed to be m mafises whose 

distaacea from the current point ore n, rj, ra respectively. 

Also the adutioQ gives that p may be a function of time in whi^ 
case p 19 9och that P— 3p remains constant 

The working out of this problem up to the second order is beset 
with almost insurmountable mathematical difficulties. The rela- 
tivistic analogae of the problem of two bodies has not yet been solved. 
It 18 perhaps worthwhile looking into the problem of two fixed point- 
masses. We ffiid that the line element to be taken for the explora- 
tion of the field is in dipolar co-ordinates of the form 

“ — A Coscec* 4 (iff + Jr ) + 2 B cotSJriJff 

i 1 

— Jiff sm*®J®*+c*Jf* 

4a* 1 I 

where n am 4 is twice the area of the triangle formed by current 
point and the fixed positions of the two masses , A, B, C are all 
functions of fi and ri to be determined by solving the relativity 
equations. The differential equations that arise in this investigation 
have not yet been completely solved. 

RELATIVITY AND COSMOLOGY 
II 

Cosmology deals with the origm of the universe and cognate pro- 
blems. Once it was all talk — mere speculations^but now, and parti- 
cularly since the advent of the theory of relativity cosmology is being 
guided by mathematical thought. Even in relativistic cosmology the 
speculative element is quite conspicuous and from the nature of the 
subject it IS difficult to believe that this element could ever be wiped 
out of the subject 

It was Emstein who started the study of the world from the 
relativistic point of view. The theory of relativity had already been 
found more soocessfol than gravitation for the phenomena of the Solar 
system. It was therefore natural to extend this theory as Einstein did 
to a much larger system, , the world as a whole. Such an extra- 
polattoiii it shoold be lememberedi was also made by Nevrton and it 
met at the time with an amazing success. 

Einstem presented in his earlier discussions two reasons for believ* 
the world to be finite. His first reason was not acoeptabls to 
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many and it was sappossd to be doe to the tnfln«ioe that Mach exer- 
cised over him. Mach contended that the inertia of a body increases 
when the other bodies in the aniverae are brought nearer to it. Eins- 
tein showed that this could be true only in a finite universe. 

The other argument was more convincing to mathematicians. If 
the celestial bodies were subject only to the gravitational influence then 
the mean velocities of the stars of a cluster would bei as it has been 
found out, much greater than what they actually are. This shows 
that there is an all-pervading field of force which dimimshes the influ- 
ence of gravitation. Now it is the property of a finite static world to 
have such a field These considerations led Einstein to take for a 
model of the universe a finite and unbounded one as presented by one 
of his solutions of the relativity equations 

Let us now consider some of the questions that have been 
provoked by the phrase * a finite and unbounded universe". The 
universe can be at once finite and unbounded just as a circle can be 
said to be so because its length is finite while it has no beginning or 
end i.e , no bouiKlaries. Similarly a sphere has a finite surface and is 
still unbounded The Einstein universe is a hypersphere whoso surface 
IS three-dimensional Mathematically the departure from the familiar 
sphere to the hypersphere is a mere matter of taking one more variable 
while mentally the hypersphere defies oonceptioa. It is only by those 
who cannot conceive of a hypersphere the question is asked as to what 
18 outside the umverse, if it is finite This enquiry is generally duo to 
the associated idea that a sphere can be perceived outside another. 
Well I This 13 so because the two spheres exist in a three-dimensional 
space that can be explored by oar senses. Similarly a hypersphere 
may exist outside another but the two form part of a four-dunensional 
space which cannot be explored by the senses. Thus we can pass 
from our finite universe to another “outside" only if we cau stretch our 
limbs m the fourth dunension. This fourth dimension is space and 
should not be confused with what usually stands for the time-dunension. 

The Einstein umverse is characterized by a homogeneous distribu- 
tion of matter, absence of pressure, and a Imear relatioa between the 
total mass and the radius of the universe, vie. , 

c* 4 

Here M is the total mass , relative or proper, it la the same aa thare 
IS no pressure. G is the gravitation constant, c the velocity of light 
and R the radius of the universe. The linearity of the relation 
between M and R first came as a sorpnse to many hot it can be 
derived even from purely gravitational conaideratioiis. Let R be the 
radius of a sphere and M the total mass contained in it. If this ephere 
is a very close model of the nniverse there must be something at the 
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aorhOB of tiia sphere to limit the extent of tmlvMe. Ute boundary 
oonditioa we can think of is that radiAtion follows along the sorfEice of 
the sphere. If we take the centre of the sphere as the centre of 
gravity of all the masses and c for the velocity of ladiatiODi we have 
by equating the accelerations at the bouiidary« 

^-4 or M.G-c*R 
R R 

Another interestu^ interpretation of this relation is that it defines the 
gravitational constant in terms of the total mass and the size of the 
nmverae 

There were two serions objections to Einstein's theory ‘ One was 
that Einstein’s universe is devoid of motion and another that a conden- 
sation of matter cannot exist in the nmverse The actual universe is 
full of both motion and condensations and hence the Einstem’s coold 
not be considered a snccessful model of the universe. 

An alternative solntion of Einstein’s relativity equations gave De 
Sitter another model for the universe. This is called the De Sitter 
umverse. It is isotrophic in space and time but devoid of matter A 
powerful field of repulsion occnpies the whole umverse so that any 
particle introdnced into it is repelled from the centre. Evidently as a 
model the De Sitter umverse is as unsatisfactory as the other. But it 
IS clear that the properties of the models are complimentary and the 
required model for the umverse hes somewhere between these two 
extremes. 

Before considering a senes of solutions of Einstein’s equations 
fron Einstein's to De Sitter's let os note a property of the latter. 
The^ime-element for De Sitter’s universe may be expressed in the form 

<fa*"-R’ [rf**+iin** («/#*+ sui*tf</i^*)] +co8*4r<f/* 

At « » -j- the time comes to a standstill, and this plane, therefore gives 

what IS called the horizon of the nmverse. The horizon was first 
uterprated by Weyl as the seat (A matter in this nmverse bat this 
view has foond no support. All emgolarities and eccentricities 
associated with a space-tune frame camiot be necessanly due to the 
presence of matter ; some of these may be purely of a mathematical 
interest and they can be transformed away. 

All the static sphencal universes that have both matter and 
motion have a Ime -element of the following form 

ds> - - R* [dz'+sm** {d$*+Ba*9d4f)] + (A~B eoe*)* 

where A and B are arbitrary constants. B*>0, Ab± 1 give the 
Eiqateiq nmverse while A«0, B>*±1 gives the De Sitter umverse. 
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The pressure ^ and the density P are dietribatad aooordinff to the 
fdlowuff formulae * 

.1 . 2 B co«e 

8»/»- ■’■R*(A-Bcot») 

8 ■ — X 


a+(j+p)®J»£-. 
dx A B co^ 


For those models for which | -^ | >1 there is no horizon while for 

I A 1 

^ ^ 1 tharo IS. The models of the latter groap 

B I 


ate obviously of no physical interest and of the former group only a 
few which have the pressure and density everywhere non-negative are 
of some interest. Even here the uniform distribution of matter on the 
one iiand and the uneven distribution of pressure on the other make 
these few models extremely artificial; and although they are so we 
have mentioned them as they have not received any notice m the 
general literature on cosmology. 

The solution which was first discovered (1923) by Friedmann and 
later independently rediscovered (1930) by H. P. Robertson and 
Lemaltre gives the well-known theory of the expanding nmverse. It 
should be remembered that De Sitter’s solution had one special advan- 
tage over Einstein'Si vtM,, that it admitted the recession of such 
distant objects as the spiral nebulae. A study of the geodesies in de 
Sitter's universe shows that bodies at a distance from the centre move 
with velocities proportional to their distances. Now the spiral nabolae 
are the most distant objects known to the astronomer. They are 
being studied spectroscopically for fifteen years. The reddening 
of the light coming from these nebulae has been attributed pnmanly 
to their recession. But the recession could not give any soi^rt to Oe 
Sitter’s theory until it was observed that all the spiral nebulae are 
recedmg. On a careful exammation some of the spiral "“hnla* 
turned out to be exceptions. Later on these exceptions were explained 
away by the motion of the Solar system as whole. Hubble and 
Humason who have been engaged on the problem of the spiral nebdae 
for the last ten years present a linear relation between the dwhuw.. 
and velocities of the spiral nebulae. The observational data in 
support of the hneanty are not yet as satisfactory as they shoold be. 
The theory (rf the expanding universe has come mto^ prominence 
mostly because it is in agreement with the linear relation. 

We cannot pass on to the theory of expanding nnivane 
without referring to two vital objechona to it One la that foe 
reddemng of the light may be due to the photons losing foetf mmgy 
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in collision on their wmy to ns from the distant nebulae. It seems 
that the reddening from this sooroe is not strong enough to account 
for tiie observed shift. Another objection is doe to a similar argument 
advanoed by Macdonald that energy might be leaking from the photon 
at a very alow rate on its way from the nebulae. The leakage is 
conspicuous because of the long time taken by light m reaching the 
earth from the distant spiral nebulae. So hu* as we know this objection 
has not received any consideration from the physicists. 

The line-element for a non-static universe may be stated as 


Where R is a function of tune. The distribution of matter In the 
univeree is subject to the equationsi sometimes called Lemaltre's 
equations, vis., 


X + KP 



where K 


2X-K (P + 3^)-6R 
R 

- ^ nsnal notation and R means^ etc 

C* dt 


We 


cannot know from the above two equations whether the nnivarss 
18 expanding or contracting or oeciUating. The equations sunply 
tell 08 that the radius R of the hyperspbere under consideration is a 
certam function of time obeying certam restrictions. Two methods 
have been used to take the problem of evolution. One method is to 
supplement the relativity equations with on additional one represent* 
inga physical criterion. Another method is to pot X" 0 . Let ns 
first study the second method. 

The constant X was first introduced by Einstein for cosmological 
oossiderationB only. It is so small that the modification introduced 
by X m the relativity equations is negligible for all other oonsidera* 
tions. Thus the modified relabvity equations were 
Gii»-"Xgw"-K (Tw- iXgw) 

Only the equations so modified can give the finite and naboondod 
static umverse of Einstein. We have already mentioiied^t Eiostem 
was led by several reasons to think that the oniverse is finite. 
Hence it is clear why the modification was effected. 

Eddington has advanced philosophical considerations to justify 
Einatem's modifications. He argues that the principle of the relativity 
of length must be mtroduced to make the theory of relativity logically 
complete. When we say that a certam rod is ten metres long we do 
so by twmpanng it with Bome standard rod usually ploosd atadifbrant 
place. Snch a oompanaon assumes that the atandard tod when moved 
from pktoe to place remains unaltered which is osrtamly wiihcmt any 
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juatificatioo. Wa tharafore want a standard ibr comparisop at may 
place and that is furnished by the local radios of corvatoie which is 
determined by X, X has the dimensions L'*. For the Einstein 

universe X The length of any vector Ar is •ygur A A' . 

R 

This IS connected with the invariant i/Gm A" A' 

Gt A" A'“X-G„A" A', 
in free space. Thus 

’»/ _ gnr A° a ; „ ^g„ A /i* 

^X 

the local length the local valoe 

or ■ of a certain b- 

the local radius of curvature variant. 

The importance of X in this respect has not yet been recognised 
by several relativists. Einstein himself m 1931 put X"0 firstly 
because the non static solution does not need X and secondly because 
it has introduced a number of difficulties that have not yet been got 
over. Perhaps it was De Sitter who first suggested that X is a 
constant too many m Lemaltre's equations. 

It IS now necessary to tell why an expandiog universe is preferred 
to the other non-static universes If we unagine ourselves to be at 
the centre of an expanding bubble we observe a scattering and reces* 
sion of the marks on the babble. Our own universe may not be a 
perfect sphere. It is highly irregular at places and yet a hyperspherical 
universe serves as a model to our own. The surface of the hyper- 
sphere IS three dimensional and the planets, the stars, the nebulae etc., 
are landmarks on the spherial surface Now the recession and scat- 
tering would be most conspicuous in the most distant objects. The 
proof of the expansion is therefore to be sought in the spiral nebulae. 
The spiral nebulae are observed to be receding according to the 
approxunately linear relation between distance and velocity, vttt , 600 
kms per second per parsec. Eddington has been able to predict from 
the space interaction term m the wave equation of an electron that the 
velocity of recession is 528 kms. per sec. per parsec. In view of the 
uncertainty of the astronomical data employed here the agreement 
between theory and observation may be said to be remarkably close. 

Let us consider now Lemaltre's equations for an expanding 
universe with X « 0 as has been suggested. Then 
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Since p mnat be ever non-negative and P always positive there cannot 
be a stationary state for which R « 0, R ■ 0. Moreover as R is always 
negative the universe will expand to a certain maximum and then 
contract till the matter of the universe allows it ('a 

A serious objection to the above theory is that it gives no satis- 
factory answer to the fundamental question as to how the expansion 
arose or what the initial state of the universe was. It has therefore 
been found necessary by certain mvestigators to keep X as it is and to 
supplement the relativity equations with a criterion to obtain a 
solution. 

It 18 fisir to state m the very beginning that no satisfactory 
criterion has been discovered so far. In his original paper Lemaltre 
suggested that the conservation of the proper mass should be assumed 
with the cosmic pressure always negligible In the real universe the 
proper mass is certainly not conserved as the celestial bodies ( most of 
which are radiating ) lose it in radiation , for radiation has no proper 
mass. That the relative mass is conserved is also an unsatisfactory 
hypothesis as it changes with motion Lemaltre did sketch out in his 
first paper the evolution from the Einstein state which is a stationary 
state of Lemaltre umverse But his assumption that the pressure is 
negligible withstood all attempts to explain the origin of expansion in 
the Einstein universe 

Lddmgton has shown that the Emstein universe is unstable. 
According to him it is quite a reasonable hypothesis that the Emstein 
state was one of the imtial states of the universe. In this model there 
18 a homogeneous distribution of matter In the universe as it is most 
of the matter has been condensed mto stars and nebulae The ques- 
tion that now strikes one is whether the expansion arose owing to the 
formation of condensations m the Einstem universe. There la one 
di£5colty at the outset, that of the time-scale. It is estimated that the 
stars are about 10^' years old while the expansion is, comparatively 
qmte a recent phenomenon as it could have arisen only 10^^ years aga 
De Sitter is serious about this difficulty while Eddington takes the 
view that once the problem of the expansion is solved reasons may be 
found out to bring the age-Iimit of the stars much nearer to 10^^ years. 

Confronted with the above question McVittie and McCrea 
started with building a mass condensation in the Einstein universe so 
as to see whether the volume of the universe thereby increases, the 
total proper mass being supposed to be conserved. They started with 
two different hne-elements and obtained contrary results. There is 
nothing puzzling about them as it was doubtful whether the matbema- 
tical singularities considered by them were moss-pomts at alL Later 
on they disoovered another mistake in their calcolatiODS and have now 
come to the codcIusiod that the second order terms will have to be 

X 
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considered to know whether the increment in volume is poeltlve or 
negative. 

It seems to us that the real difficulty m the procedure is due to 
the mass-point being not well defined. The problem of a mass placed 
in the Emstem world must be first solved . the equations govermng tbe 
field of the mass must be fully solved , and then only we can consider 
the effect of the formation of condensations on the Einstein universe. 
In a static universe the field outside an isotropic singularity is given by 
the line-element 

ds* = — ep, rfr* - r* (dfl* + sin* 9d + srd/* 

where [i» T and p, P are governed by the following field-equations . 




. 

r 3 ' r f 

-\L dr_ 

g dr 

^ , 2M Xr/ .o' 

dr 


V 

where M - 
2 

f Pr^dr+m 
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w and C( being the mass and the radius of the condensation. One 
may at once anticipate that all singularities subject to these equations 
cannot bo identified with mass-points whose properties are fAmii^ af 
an assumption connecting the four variables P and |i,v is necessary! 

De Sitter who was the first to look into this question A. rT nffd 
P to be constant. His solution was only a first approximation 
Saberstein, howsvet, considers this for a higher approximation and 
shows that the apparent difficulties at the polar of a are 

real and they cannot be transformed away. Moreover, while P is 
constant p becomes a function of position which d# Sitter’s 

assumption extremely artificial. McVittie and McCrea an 
assumption about v. This is also very unsatisbctory as one donbts 
as to whether the singularity obtauwd by them is a mass-point 
at all. This is certainly a vital point in the determination of the yfe c t 
of oondensations on the volume of the three-dimenuonal ««i i^ 
mathematical singularities of different types may lead to d ifferent 
results. 

A criterion is therefore necessary to diatingmah a mass-point 
from the other, mathematically possible singularities that inevitably 
arise u the solnbon of Einstein’s equations. This cntenoo to be 
furnished by the external field must be of a tensorial fonn. For 
It is than that any peculiarities of ths external field which an not 
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deurahle can be transforzned away if at alL A suitable cnterion 
18 famished by the world curvatore G which is given by 

G-KT+4X 

We see at once from Schwarzschdd'a solution that a mass-point in 
empty space does not alter G. Extending this idea to the world full 
of matter and motion the criterion for a mass-point to be taken is that 
the world-curvature is not disturbed by it. This is the extra condition 
necessary to supplement the field equations to determine pfi and p,v. 

The above criterion also furzushes the much needed extra condi- 
tion to determine the evolution of the Lemaltre universe. Consider 
an Einstein universe in which condensations are formed Then 
everywhere except at these singular points the criterion furnishes an 
equation. As we have shown elsewhere this is enough to indicate 
that such condensations produce a tendency m the umverse to expand. 

We are giving m the end a number of references for those who 
want to pursue the subject further It should however be remembered 
that no theory of cosmology can ever be complete as the observational 
data are ever so poor One wonders as to what would be the theories 
three or four years from now when the new 200 inch telescope at 
Mt« Wilson becomes ready for observation 1 
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THE PART OF MATHEMATICS IN THE HISTORY 
OF THOUGHT 
By 

D C PAVATE 

The gODeral impression of a fairly cultared man about mathematics 
IS very vague if not blank Probably he has a faint recollection that 
mathematics is concerned with elaborate formulae and bewildering 
constructions involving a copious use of 53mibols and diagrams entirely 
unintelligible to the majority of people The essential features of 
mathematics remain unnoticed by a man of average education, still less 
can we expect him to understand the part it has played in the history 
of thought or the contribution it has made to the progress and aviliza- 
tion of mankind I propose to discuss m this paper the profound 
influence mathematics has exercised on the thinking minds from the 
earliest times up till now 

It IS held that Mathematical Science is the most original creation 
of the human spirit, though another claimant for the same honour is 
music. The originality of Mathematics consists in the fact that rela- 
tions between things are exhibited in the Science of Mathematics which 
are extremely unobvious apart from the agency of human reason. On 
reflection we see that mathematical thought is all pervadii^ and 
enters every department of mental activity The grocer when he 
weighs his sugar makes use of mathematical conceptions , when he 
enters his receipts, he uses a notation developed by a mathematician. 
The engineer employs methods and concepts of mathematical thought 
when he is building a bndge The philosopher reflects on space and 
time, on number and quantity, on matter and motion which as well 
belong to the regions of mathematical thought Recent developments 
in the study of heredity and eugenics have been rendered possible by 
the powerful weapons of mathematics The study of statistics depends 
on the use of graphs and mathematical calculations. 

Let us stretch our imagination backwards through thousands of 
years and endeavour to realize the gradual development of mathemati- 
cal ideas. Take the question of numbers The number * two ’ applies 
to appropriate groups of any entities whatsoever — to two eyas, two 
apples, two books, two days &c. Thus the numbers are independent 
of any * aggregate ’ and ' aggregates ’ which are equivalent to one 
another are said to have the same number. If we compare tbe num- 
ber ‘ five ' to the number * two ' we are thmkmg of two groups of 
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thtogi. It 18 a rsmarkable feat of abstraction to establlBh this relation- 
ship between two gronps of entirely different objects. The moo 
who discovered the analogy between a group of seven apples and one 
of seven days made a notable advance in the history of thought. He 
was the first man who established a concept belonguig to the Saenoe 
of Pure Mattomatics. 

Let ns see what is the function of Pure Mathematics in thought. 
It IS a resolute attempt to go the whole way in the direction of com- 
plete analysis so as to separate the elements of mere matter-of fact from 
the purely abstract conditions which they exemplify The characteristic 
of mathematics is that m it we have always got rid of the particular 
instance and even of any particular sorts of entities No mathematical 
truths apply merely to fish or merely to stones or merely to colours. 
So long as we are doling with pure mathematicSi we are in the realm 
of complete and absolute abstractions The reason insists that if any 
entities whatever have any relations which satisfy such and such 
pnrely abstract conditionSf then they must have other relations which 
satisfy other purely abstract conditions. 

The second characteristic is the certainty of mathematics which 
depends upon its complete abstract generality Such an abstract 
generality cannot be arrived at without some presupposed conditions. 
These are called the axioms and postulates which have not a priori 
certamty without some definitions. The third characteristic of mathe- 
matical abstraction is that our abstract postulates hold for the 
particular case in question To take an example from arithmetic 
It IS an abstract truth that any group of forty entities can be subdivided 
into two groups of twenty entities. So coming to a particular case, 
we ooDclude that a particular group of 40 apples can be subdivided 
into two groups of apples of which each contains twenty apples. 
Bat there remains the possibility that we have miscounted the big 
group and one of the two heapsp on subdivision has an apple more 
than the other. Thus there is great room for error in the process of 
verification for the particular case. The function of a mathematiciaD, 
therefore, is not to see whether his definitions and postulates are 
accurate representations of things or not in our physical universe but 
to see that they are not self contradictory and are mntually consistent- 
Thls IS the essence of mathematical physics. When mathematical 
processes are applied to physics, an assumption is made that the 
definitions and postulates in the Science of matter are applicable to 
Pfajrsical phenomena. If this assumption is moorrect, the mathemati- 
cal deductions disagree with expenmental tests. 

This love for abstract generalisation enlightens every act of the 
fonctumiDg of the human mud. It emphasises the direct lesthetic 
appreciation of human experience. Secondly there is the abetractxu 
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of the particular entities involved, viewed, in themselvea and as apart 
from that particnlar occasion of experience in which we are apprehend- 
ivg them Lastly there is the further apprehension of the absolataly 
general conditions satisfied by the particular relations of those entities 
in that experience. They are conditions which might hold for an 
indefinite variety of other occasions involving other entities and other 
relations between them These conditions are perfectly general 
because, they refer to no particular occasion, to no particular entities 
and to no particular relationship between such entities. The generality 
of mathematics is the most complete generality consistent with the 
community of occasions, which constitutes our metaphysical situation. 
Thus the idea of a ' variable ' is introduced into mathematics and 
mathematical logic because, the general conditions transcend any one 
set of particular entities It is by the introduction of this notion that 
the general conditions are investigated without any reference to the 
particular entities. The exercise of logical reason is always concerned 
with these absolutely general conditions The harmony of the logical 
reason is the most general aesthetic property arising from the mere 
fact of concurrent existence in the unity of one occasion. Whenever 
there is a unity of occasion there is thereby established an aesthetic 
relationship between the general conditions involved in that occasion* 
This aesthetic relationship is that which is divided in the exercise of 
rationality This reasonable harmony means that for things to be 
together involves that they are reasonably together. 

Pythagoras who lived in the sixth century B C. was the first man 
who had any grasp of the full sweep of this general prmciple. Though 
our knowledge of him is fragmentary we know some points which 
establish his greatness in the history of thought He insisted on the 
importance of the utmost generality in reasoning He divined the 
importance of number as an aid to the construction of any representa- 
tion of the conditions involved in the order of nature. He studied 
Geometry and discovered a general proof of the remarkable theorem* 
about the right angled triangles. On the side of Philosophy, he has 
discussion which has agitated thinkers ever since What is the status 
of mathematical entities, such as numbers, for example, in the realm 
of things ?" The number " two '* for example is in some sense exempt 
from the flux of time and the necessity of position in space. Tto 
same thing can be said of Geometrical notions. 

Pythagoras is said to have taught that mathematical entities such 
as numbers and shapes, are the ultimate stuff out of which the real 
entities of our perceptual experience are constructed. As thus stated 
the idea seems to b e erode and indeed silly. But undoubtedly ha had 

* The gaoersl theory as wdl as s general proof of It lad ba» dis- 
covered in India long before Fythagons discovered what la sunnlsed to be l)ii 
proof of it. 



tot PART OP ATllBUATICS IN THE HISTORY OF THOUGHT 191 

hit upon a philoaophical notion of considerable importaiioe — a notion 
has moved the minds of men for oentnries together. To>day 
when Einatem proclaims that physical hcts such ns gravitatun are to 
be construed as exhibitions of local peculiarities of the properties of 
space and time, he is merely following the pure Pythagorean traditions. 
The philosophical speculations of Pythagoras reach us through the 
mind of Plato. The Platomc world of ideas is the refined form of the 
Pythagorean doctrine that the number lies at the base of the real world. 

Let us examine the developments of Geometry The subject was 
originated in the empirical observations of the Physical world But it 
has assumed forms of ever increasing abstractions. At the time of 
Pythagoras it became a purely rational science and the further develop- 
ment of Geometry was no longer dependent on the empirical observa- 
tion. In rational Geometry pomts, straight lines, circles etc , are dealt 
with not as physical objects but as abstractions from objects perceived 
by senses These possess certain properties in perfection which we 
only approximately realise in the Physical world For example the 
strai^t line in rational Geometry has the properties of linearity and 
straightness in absolute perfection, whereas these properties are only 
imperfectly realised in any physical object which we may take as 
afTordit^ an approxunate idea of a straight line The precise properties 
of these idealised objects are fixed by means of some scheme of defini- 
tions, axioms and postulates, the nature of which is, to a large extent 
but not wholly, determined by empirical observation of actual relations 
m the physical domain. The history of geometry is of general interest 
because. Geometry may be regarded as the type of rational science 
which every science may be expected to conform to, at the distant 
time when a schematic representation of the Phenomenon with which 
It deals, is set up 

Thus Plato and Pythagoras contributed a lot to the concepts of 
mathematical reasoning Aristotle now threw emphasis on classifica- 
tion by his Logic. Classification is a half-way house between the 
immediate concreteness of the individual thing and the complete 
abstractness of mathematical notions. Classification is necessary but 
nnloM we can progress from classification to mathematics, our reason- 
ing will not take us far. Thus the popularity of Aristotelian Logic 
retarded the advance of physical science throughout the middle ages. 
In the interval of nearly two thousand years between the time of 
Pythagoras and Plato to the 17th century, mathematics bad made 
imtniwiM strides on technical Imes but did not play mudi part as a 
formative element m the development of Philosophy. Some of the 
old lingered on but philosophy received no fresh inspiration from 
the steady advance ci mathematical science. In the 17th century the 
influence of Aristotle was at its toweet and mathematics received ite 
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importancd of the earlier period. It was an age of great philoac^hert 
and great physicists, and the physicists and philosophers were alike 
mathematicians. It was the age of Galileo, Descartes, Newton and 
Leibnitz. Mathematics was an iniloence of the most pronotmced 
order in the formation of philosophic ideas. The mathematics that 
now came into prominence was a diiTerant science from the matbe^ 
matics of the earlier epoch. It had gamed in generality and begun to 
apply some of its results to physical science or to the philosophic 
thought thus helping both subjects to grow Arabic notation of decimal 
system, Hindu developments of Algebra and Trigonometry had been 
already contributed by Asiatic thought Thus arose tbe idea of a func- 
tion of one or more symbols (these symbols being letters called 
arguments or variables). Algebra thus develops mto the general 
science of analysis m which we consider tbe properties of various 
functions of variables. Finally the simple known functions like the 
algebraic functions, logarithmic functions and trigonometrical functions 
suggested the idea of any function , the rise of algebraic analysis led to 
Descartes* discovery of Analytical Geometry and then to the Infimte- 
aimal Calculus by Newton and Leibmtz. There is no sharp distinction 
between algebraic analysi sand the Infimtesimal Calculus except that 
the latter involves the process of limits. 

In the 17th century this idea of a general function was dominant 
in the abstract sphere of mathematics and enabled mathematicians 
to put the laws of nature in mce and elegant forms Mathematics 
thus supplied the background of imaginative thought with which 
the men of saence approached the observation of Nature. Galileo 
produced formulae, Descartes and Newton did tbe same. It was 
only in the last century that the increasing complexity of both the 
subjects, Mathematics and Physics, produced the separation of tbe 
two departments. In the 17th and 18th century tbe Mathematician 
and Physicist were one and the same man. Mathematical thinking 
has played a very important part in tbe formation of the fundamental 
concepts of the Physicist. Take for example the conception of Energy 
and tbe exact meaning of the great generalisatiOD known to us as tbe 
Principle of conservation of Energy This prmciple was tbe direct 
outcome of tbe development of the abstract side of molar mechanics 
which enabled us to define K. E« & P. E. as work in measuxahla 
quantities This mathematical expression ^^as so eliegant and so apt 
that It naturally got extended to the molecular domain The doctrine 
of the conservation of Energy was a necessary presuppositiOD of 
further development for Joule and Mayer, who regarded beat as a 
form of energy. Joule was able to datermme the mechanical equivalent 
of heat only because the mechanical work was already regarded m a 
measurable quantity. Tbe notion of Potential which is a fundamental 
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labjact m Electromecbanici and which la constantly employed by 
every electrical engineer was first developed as a m a them atical 
conception during the 18th century m connection with the theory of 
attractions of gravitating bodies. It was transferred to the electrical 
dcsnarn by Green and others together with a good deal of detailed 
mathematics applicable to the potential function. 

Another example of the effect of the abstract development of 
mathMiiatics of the Saence of those times was the notion of peno- 
diaty. We are all familiar with recurrence in our ordinary experience. 
Days recurt lunar phases recar» the seasons of the year recur and 
beats of the heart recur. The recurrence forms the fundamental 
basis of oar knowledge. Thus m the 16th and the 17th centnnea. the 
theory of periodicity took a fundamental place m Science. Kepler 
divined his three famous laws about the orbits of the planets and 
the periods in which the planets described their orbits. Galileo 
observed the periodic vibrations of pendolums. Newton explained 
sound as being due to the disturbance of air by the passage throu^ 
it of periodic waves of condensation and rarefaction. Huyghens ex* 
plained light as being due to the transverse waves of vibrations 
of a subtle ether. Mersenne connected the period of the vibration 
of a violin string with its density tension and length. The birth 
of modern Physics depended on the application of the abstract 
idea of periodicity to a variety of concrete examples. 

Now the Science of Trigonometry arose long ago from the ratios 
between the side and hypotenuse of the right angled traingle. l^ut 
under the influence of the general idea of functions it broadened out 
into the study of the simply abstract periodic fanctions. Thns trigono- 
metry became abstract and hence useful. The theory of representation 
of a function of a real variable by means of trigonometric series has 
revolutionised the whole mathematical world. It is an indispensable 
weapon in the hands of a physicist and at the same time has exercised 
the most far-reaching influence upon the development of modern 
mathematical Analysis. It is indeed very sorprising that as mathe- 
matics withdrew increasingly into the Heavens of great extremes 
of thought, it returned to the Earth with a corresponding growth 
of importance for the analysis of concrete fact. It seems clear now 
that the utmost abstractions ore the true weapons with which we are 
to control our thought The theory of sets of pomta arose directly 
from guastiona connected with trigonometric senes. The precise 
formulation by Rieman of the conception of definite mtegral and the 
gradual development of the modern notion of a function as existent 
independently of any special mode of representation by an analytical 
expression, are further examples of the results of the atody of the 
prwertiaa of these senes upon mathematicnl analysis. It is significant, 
1 
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however, all this had its origin m the attempt to investigate the form 
of a stretched string in a state of vibration. This eventnally lad to 
theory of Fourier Series. 

Fourier himself did not give aiqp complete general proof of the 
convergence of the Series to the valne of the fonction. Although 
this problem arose from the applications to the physical phenomenon, 
the problem of convergence has given such an impetus to the 
development of the Theory of Functions. It is out of place here to 
narrate the whole history of the theory of Fonrier Senes and the 
brilliant researches from the point of view of abstract thought, it has 
led to uptil now. The subject is by no means closed even now , 
but I shall simply pomt out the ultimate progress of humanity soch 
problems lead to. A pure mathematician is never satisfied with the 
Fourier Series which converges everywhere normally. Very often 
a mathematician’s generahsation from a non-ntilitarian point of view 
has led to astounding results. Early m the last century some of the 
brilliant mathematical physicists were engaged in estabhshing the 
relation between the phenomenon of Electriaty and of Magnetism. 
They were solely actuated by intellectual curiosity m bridging the gulf 
between the two important phenomena Had their spint been 
utihtarian, they would have probably left the matter on one side as 
holding out no prospect of useful application. At last it was found 
that Electricity m motion produced the same effects as magnets at 
rest, and vice versa. The result of this discovery has enabled os to 
have soch physical comforts as motor cars, the telephone, and the 
electric telegraph and various other things. 

Though an all round progress was made in the 19th century in 
Pure mathematics, the influence of mathematics upon the general 
thought of the age was not considerable Its mfluence was on 
dynamics and physics and consequently on engineering and chemistry. 
Yet it IS difficult to overrate its indirect influence on human life 
through the medium of these sciences Since the technique had been 
perfected its progress was easy though unmterestmg 

On a retrospect we see that there are two great periods of direct 
influence on the history of Mankind. The first period was that stretch* 
mg from Pythagoras to Plato when the possibility of the Science and 
its general character dawned upon the Grecian thinkers. The second 
period comprised the 17th and the 18th centuries of our modern epoch. 
In both the periods there was an awakened curiosity and a movement 
towards the reconstruction of traditional ways Critical scientific 
interest was present m both the periods. The parallel between the two 
epochs must not be pressed too far. The modern world is larger and 
more complex than the ancient om. We are now entering upon an 
age (d reconstruction m religion, u sdenoe and m political thought 
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If wtt An to avoid tneta igooraot osoUation batman axtramaa, wa 
ara to aaak truth m ita nltunate daptba. Tbare can be no viaion of fliia 
depth of troth except in a Bound philoaophy which takea full account 
of those ultimate altttractioos, whose mterconnections it la the bnsineBa 
of mathematics to explore. 



THE INFINITE IN MATHEMATICS* 

Of 

G L. POPHALE, B. A (Boif.^, B. A (Cantab.), BARUsmt at-Law, 

Str P College, Poona 

“ But what has been said once, can always be repeatgd.” 

— Zeno of Elea, as quoted Simplicios. 
1. Concept of Infinity Indispensable to MathetnaHa 

Modern analysis is nothing bat the theory of infinite processes, 
where by an mfinite process I mean a set of operations which produces 
an infinite sequence. On a little reflection, the statement ml] be 
obvious. The arithmetic continuum forms the central pillar that 
supports modern analysis , and this central pillar could not have been 
constructed but for the work put in by great artists like K. Weierstrasa 
(1815<1897), R. Dedekind (1831-1916), and G. Cantor (1845-1918). 
In putting the theory of irrational numbers on an arithmetical basis 
both Cantor and Dedekind start from the domain of rational numbers. 
But in arriving at the domain of real numbers, the arithmetic oonti- 
nuum, the former explicitly uses an infimte process while the latter 
employs the principle of partition imposed upon an infimte set of 
rational numbers t Again one who is familiar with the Integral 
Calculus need not be told that even comparatively simple problems 
such as finding the length of a curvilinear arc, or the area enclosed by 
carved hnes depend for their solutions upon an mfimte process. And 
it 19 easy to go on indefinitely multiplying examples of this nature to 
show that the concept of infinity is indispensable to mathematics ; nay. 
It may be even asserted, without any fear of contradiction, that bat for 
the concept of infinity, the science of mathematics would have been 
poorer by the loss of modem analysis For we knew that the method 
of exhaustion, invented by Archimedes (287 ? — 212 B. C), contained 
all the elements essential to an infinitesimal analysis ; but the horror 
infimte which the arguments of Zeno instilled mto the minds of the 
Greek mathematicians acted as an efiective brake agamst all farther 
progress m that duaction for a period of no less than 1,850 years. It 
was reserved for J. Kepler (1571*1630) to lay down the foundations of 
our modern Integral Calculus by publishing bis book Nova StereomS' 
tna Doltorum in 1615 m which be successfally need the method of 

* The subject suggested itsdf to me on reading Ihimber by Tofatas Dsntslg. 
t For mors Information on this point eUs writer's Sssays in ifethtmeHn, 
No. 1. II 32-34. 
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ubustloi), ooaplad with the notion of mfimtely amall and infinitely huge 
qwntltiea u determining areas and volmDes of curved flguea ; and 
file present stmctnre (d modern analysis has been built only during the 
course of the last century. 

2. Bounded Artthmthc and Bounded Geonutry 

Again but for the concept of infimty many an operation in our 
arithmetic and Euclidean geometry would not be possible. For instance, 

if we terminate the sequence of natural numbers 1, 2, 3, at a 

psycholagical limit of the counting process, say at 1,000,000, the opera- 
tions of addition and multiplication such as 500,000+ 500,001 and 
1,000 N 1,001 would be impossiblem such afinite and bounded anthmetic. 
Similarly m geometry, should it be necessary to confine ourselves to a 
fimte and bounded plane, it would be entirely a matter for speculation 
whether or no two straight lines taken at random form an angle, or 
three, a triangle. 

3. Concept of Infimty has no Expertenttal Baste 

Now though these prunary mathematical operations of telhng and 
measnnng, leading as they do to the theory of number and of geometry, 
had their origin, like all other sciences, m the practical needs of man 
living m the physical world, all our experience of this phsrsical world 
cries out the folsity of the concept of infinity. The tremendous progress 
that we have achieved m experimental sciences clearly indicates that 
there is no experimental basis for the said concept. The closing 
months of the last century witnessed the discovery of the Quantum 
Theory by M. Planck. Planck propounds that the radiant energy does 
not flow contmuously and is not capable of being divided indefinitely, 
as every contmuous matter should be, and that it is emitted m integral 
quantities or bundles, known as quanta. The recent researches carried 
on by Rutherford and Bohr regarding the structure of on atom lead us 
to the conclusion that matter is not subject to the process of infinite 
divisibility , it ultimately consists of electrons and protons which have 
finite sizes. Thus “wherever the method of investigation of matter 
has been carried sufficiently far, we have invariably struck a limit of 
divisibility, and this was not due to a lack of experimental refinement 
but resided m the very nature of phenomena." Agam like mfinite 
divisibiUty of matter'-and energy is but matter m another form— “ the 
infini tude of the umverse " is now declared to be a myth. For Eins- 
tein’s study oi the cosmos from the view-point of his theory of gravita- 
tion leads to the possibility of a finite universe and the observations of 
the astronomers agree with his hypothesis of an elhptic umverse. 

4. Nor utia Logtcal Neceenty 

Thus the concept of infinity is not an experiential necessity, 
Ifor is it a logical necessity. For by recasting and leoonstractlag 
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a few postnlatea and definitions of the present qratem of arithmetic 
it IS possible to build np a conceptual scheme of finite arithmetic which 
will not be a wbit inferior to the classical one for beanty of concQp- 
tion and internal harmony of logic. Similarly by omitting the 
postulate of parallelism a system of bounded geometry can be cons- 
tructed so as to produce a logically self-consistent conceptual scheme. 
And these two conceptual schemes of bounded arithmetic and bounded 
geometry will possess an additional merit of being closer to the reahty 
of our senses than the unbounded ones which, being sanctified by 
custom, are suffered to exist. Now it is none of the business of the 
mathematician to enquire whether or no his logically self-conaistent 
conceptual scheme possesses also the attribute of apphcabihty to 
physical phenomena. It is the business of the physiast. For thoufdi 
undoubtedly the science of mathematics owes its origm to and looks 
upon the problems of physical sciences as sources of inspiration, the 
mathematician refuses to confine himself to the bmits of the problems 
set by the physicist These problems often give rise to a host of 
other questions for which his intellectual curiosity forces the mathe- 
matician to find answers and this need of his intellectual craving leads 
hun far beyond the original domains in which these problems arise ; 
and m this way the mathematician produces an abstract conceptual 
scheme which is subject to no other test except that of logical 
coherence. The most abstract branches of modern mathematics such 
as the theory of functions of real and complex variables, the theory of 
differential equations had their genesis in problems of physics.* 
Moreover the mathematician does not take the utilitarian view of his 
science as the physicist does. With him the motto is Mathematic s 
for Mathematics' sake. Indeed it would be very instructive to compare 
the attitude of the physicist and the mathematician towards mathematics. 
But I do not hold that this is the proper place for it Therefore^ for 
the present, suffice it to say that the utihtarian view of any s d fn cs i, 
apart from the fact that it strangles the progress of that is 

not an absolute test . for the standard of what constitutes nhhty is a 
function of time. The study of come sections originated b the 
practical problem of doubling the alter. But had the Greek geome- 
tricians taken the utilitarian view of the subject and had they not bee n 
goaded by their intellectual curiosity to study come as an 

abstract science, Kepler could not have been able to formulate his 
famous trio of laws that govern the motion of the pinirte m the 
solar system. And but for Kepler there would not have been any 
Newton and but for Newton there would not have Lfen any 
Emstem. Similiary G. F. B. Riemann ( 1826-1868) hardly dreamt 

* See £0e)i(MMteA«Ma<iaNa 1,1112-16 wlm I have hlstorkally 
the growth ol the pneent Qoiicept of ftmctloc|e 
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that hia absoluta differantial calculus would ono day become the vabicle 
for Emstem'a theory of Relativity. 

5. Conce^ of Infinity a Mathematical Ntcemty 

In the preceding paragraphs Iliave endeavoured to show that the 
concept of infinity has neither a ph 3 r 8 ical foundation nor a logical 
basis. Then what is it that lies behind this concept ? The concept 
of infimty is neither an experiential nor a logical necessity, it is 
a mathematical necessity, a being owning its birth to the creative 
imagination of the mathematician who is endowed with that power of 
mind which is capable of conceiving the indefimte repetition of an act 
when this act is but once possible The condemnation of this concept 
in the name cf reality ** would reduce mathematics to the bounded 
arithmetic and the bounded geometry .... What is valid seems 
80 msignificant that it may be seriously doubted whether analysis 
IS at all possible. The lofty structure erected by the mathematicians 
of the last three centuries must be razed to the foundation ; the 
principles and methods which derived their power from the use of the 
mfinite must be scrapped , the physcial sciences which have so 
confidently applied the concepts of limit and function and number in 
formulatii^ and analyzing their problems must turn over a new leaf , 
they must rebuild their foundations and devise new instruments in 
lieu of those condemned 

6, The InfinUCt Potential and Actual or Dynamic and Static 

Our present concept of the mfinite rests on a fundamental as 
sumption of arithmetic, vie, the process of counting cannot conceiv- 
ably be terminated. In other words the sequence of natural numbers 
1,2,3, . . does not possess the last number , each number has 
a successor or there is an infinity of positive integers Or again, if 
we consider n to be a positive integer, the pharse n tends to infimty 
IS a short-hand way of saying that given a positive number A, how- 
ever large, n assumes values that exceed and remam greater than A. 
This traditional concept of the infimte as a variable finite magnitude 
that grows indefinitely is often called the concept of the potential 
infimte in contradistinction to that of the actual infinite which is a 
ftxedt constant quantity lying beyond all finite magnitudes. This 
concept of the actually infinite is not of recent origin. The cele- 
brated analysts K. F. Gauss ( 1777-1853 ) and A. L. Canchy 
( 1789-1857 ) raised their protesting voice against the use of the 
actual infinite in mathematics. In his letter written to Schumacher 
ID 1831 Gauss writes. "As to your proof, I must protest moat 
vehemently against your use of the infinite as something consummated 
as this la never permitted in mathematics." The infinite is but a 
JOfon de parkr; "an abridged form of the statement that hmita 
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exist which oartain ratios may approach as closely as we deslrei 
while other magnitudes may be permitted to grow beyond all bounds/* 
rt required the courage of G. Cantor ( 1845-1918) to defy old traditions 
and “deal with the actually infinite as with a definite mathematical 
being " In his essay On Linear Aggregates^ published In 1883 
Cantor writes * “ It is traditional to regard the infinite as indefinitely 
growing . . As against this I conceive the infinite in the 
definite form of something consummated, something capable not only 
of mathematical formulations, but of definition by number. This 
concept of the mfinite is opposed to traditions which have grown dear 
to me, and it is much against my own will that I have been forced to 
accept this view. But many years of scientific speculation and trial 
point to these conclusions as to a logical necessity, and for this reason 
1 am confident that no valid objections will be raised which I shall 
not be m a position to meet " 

The Transfinite Arithmetic 

The creative imagination of Cantor did not remain content with 
conceiving the infinite as capable of definition by number, it impelled 
him to evolve a system of comparing infinities By introducing the 
concept of cardinal numbers we are able to compare two finite collec- 
tions 8md say that they are equal or one is smaller than the other 
Similarly by introducing the concept of power of an infinite aggregate 
Cantor is able to compare two mfinite aggregates These powers, 
which enable us to classify infinities just os the finite numbers 1, 2, 3, 
. enable us to classify fimte collections, are known as transfimte 
numbers. By defining the operations of addition, multiplication and 
potentiation upon these transfimte numbers Cantor created a transfizute 
Anthmetic, an arithmetic of the infinite 

8 Common unse and the Infinite 

But it must be remembered that certain fundamental Commm- 
sense laws, which we find hold good m finite arithmetic, do no longar 
remain true if we transfer them to transfimte arithmetic , for in consi- 
dering mfimties we are really traversing a region that lies beyond the 
realm of common sense, and further, many a time m matbematica 
common sense baa proved to be the greatest non-aenae. While we are 
dealing with fimte collections common sense tells us that a part is 
less than the whole. But in comparing mfimties the fundamental rule is : 
The port can equal the whole, the part may have the power of the 
whole. For example, the two aggregates formed by the natonU 
sequence and the odd integers are both mfinite and the latter is a port of 
the former , yet it can be proved that both the aggregates have the 
same power. On the other hand, though the domam ctf rational nnm*^ 
bers forma a part of the arithmetic continuam, the ocgitwaWHP ig 
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tiar than tha domain of rational nnmbera ; tha power of the latter ia 
greater than that of the former. 

9. Oonetpt Cravta ClartfiaahoH 

Tha imtpoae of this article does not justify me In going into more 
details regarding the transfiaita arithmetie; a^ I propose to oondode 
this essay hy briefly indicating tha prasant position concerning the 
concept of the infinite. The legitimacy of Cantor’s use of the actnally 
infinite b mathematica, the logical validity of his processes and the 
dednctions drawn thereby have been pat to neardiing criticism by leadmg 
matheniatician*philo8ophers of the day. Among them Bnrah-Forti, 
Bertrand PnaMil, KAnig and Richard are prominent; and their discos- 
sions have given rue to paradoxes and antmomiea that are either 
logical or Itngmatif.. As stated above Cantor said, " No valid objectxms 
will be raised which I shall not be m a position to meet.” Well: the 
Cantorians have not only failed to meet these valid objections and to 
convert all mathematician-philosophers to their pobt of view, bot on 
the contrary, some of the Cantonans sach as F. P. Ramsey (1903-1930) 
are being converted to a fimtut view which rejects the concept of the 
actoally infinite. In his address m memory of K. Weierstrassb one of 
the greatest exponents of the movement known os antfametization of 
mathematics, D. Hilbert says . "The mfinitel No other question has 
ever moved so prc^onndly the spirit of man ; no other idea has so 
fmitfnlly s timn la t e d his btellect ; yet no other concept stands b greater 
need of clanficatwa than that of the infinite.” 



NOTE ON CONFOCAL CONICS AND 
CONFOCAL QUADRICS 
Bir 

&UroPHALB»&A.(Boni.).BA (C^nta^ Banirterat-Uiv; 

Sir P. Collegfit Poona 

1 thbdc that the following method of obtaining the equation to the 
system of conics or quadncs confocal with a come or quadne given 
by the most general equation of the second degree has not received 
the attention it deserves 

1. Notation Let s be the given 

conic, s may be conveniently replaced by unity. 

Let 

The envelope equation to the given conic 0 ie 

S ^(^,B,CtP|G,H) (X’iy,Z)* = 0 where A, B etc., have the 
usual meanings and X,Y, Z are line co-ordmates 

The circular points at infinity are given by 

Qssx* + y*-o 

2. I will first prove that the eqnatioa 

a+\ h € 

h 6+X ti =0 

$ 1J 8 

gives 08 the family of conics confocal with the given conic s^O, 
\ being the parameter of the family. 

We know that the four vertices of the quadrilateral formed b7 
the two pairs of tangents that can be drawn from the curalar points at 
infinity to the come s ^ 0 give us the four foa of s « 0. Since the eqoa* 
tioD S+Jlifl "0i where A is any arbitrary constant, gives ns the fomily 
of comes toachmg the oommon tai^tsof S*0 and fi»0, and farther, 
smee Q ■ 0 gives os the circular pomte at infinity, it follows that tbs 
fomily ofoomes givsn by S+Afl*0 has the same foa as those olS"0. 
In other words S+AQ*0 is the envelope equation to the family of 
conics confocal with s ■ 0. Now we know that the locos eqoatioB to 
tbs said family is found to bo 
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A+k H 0 X 
0 ™ H B+Jk P y " 0 

a F C B 

X y M 0 

a h g 0 

Moltiplyiflg both sides of 0*0 by 0 *6/0 mget 

« / 0 0 

0 0 0 1 

n+a* hk gk X 

O-Oaa hk 6+6* /* 9 -0* 

0 0 B s 

$ 11 C 0 

Mnltiplyiiig the colnmns of the last detenmoant by x, y, a and— 0 
respectivebT) and adding the results for the fourth new colmnn, we get 

0 + 6 /* * $ 

0 * 6+6/fc 11 “0 

€ H a 

Setting 6/*" Xi we get the desired result 

3. The same method holds tme mufotis mutandta b three 
Let the qaadnc be given by 

tsa{a,b,o,dJ,g,k,u,v,v)(x, 9 ,x,t)* -0 

where t may be conveniently replaced by nmty. The envelope eqna* 
tion of the quadric « = 0 is 

S ae - 0. 

The circle at infinity is represented by the equation 

+ y* + Z* -0 

We now know that S + *0 "0 is tin envelope eqoation to the family 
ofqoadricaoonfocal with thequadncS^O. Proceeding oa befora^ the 
bcBa equation to the said family is found to be 

* This equatioii may be written as 

8a- *r + *»-0 

where FaxO (**+ 9 *) — 2 <?« — 2 P%y + A+3 " 0 gfveaua the 4|> 
fectof drcle of the omic a ■ Of 
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a + X h g f 

h b+X / n 

t f 0+X C 
€ n C * 

whan andX"h/* 

8 being the datanninant | a b o <1 | . 




A NOTE ON THE AREA OF A POLYGON 
Av 

B.B.BAGI 

Kamatah CoUtge, Dharmtr 

Thli note oonbuns an alternative proof of the following 
theonm. It is neat and elegant and is calcnlated to stuniilate inteiest 
in the stndy of methods of Vector Analysis. 

We dial] prove the theorem, b the first instance^ witii respect 
to the polygoo ABODE. 



Let ns denote the vectors AB, BC, EA Iqr 

their lengths by 0 , h, ... e ; the angle which ^ maliee wiUi a by 
ap and the nnit vector normal to the plane of the polygon, by v. Job 
AC, AD. 

TheaSv ^ABC ■ AB x AC ■ a x (a+P) ■ axp. 

Similarly 2vAACD«(a+p) x r. 

2vMDE - (a + p T) x». 

Also 0 -'(a + P + T+ 8) X s 

Hence 2v x Polygon ABCDE ■ Z a x p 
■ 2v Z oh sin aP 

where the stun mclndes ail terms corresponding to combinations of 
a,P, . . . taken two at a tune and where the alphabetical order of foctors 
is maintained b each term. 

Hence Polygon ABCDE ■ Z oh sb ap. 

The foregoing method can be extmided to any polygoo. 

c. f. Hobson’s Tngonometiy {129. 

Alio Bagi's Plane Trigonomatiy |13L 


SOME POINTS ABOUT ORDINARY UNEAR 
DIFFERENTIAL EQUATIONS 
Bg 

G. S DIWAN 

(i) Operahonal Factors. 

In solving ordinary linear differential equations of the secood 
order by the method of operational factors, the following ptoposition u 
useful — 

If the operator PoD*+PiD+P| in the linear differential equation 

Po^+ Pi^ +Pi 3 »"X 19 algebrascaUy equivalent to (aD+a) 

( bD+ 3 ), and if b and 0 are constants ( t e., do not Invdve x), then 
even opsrattonally PoD*+PiD+P} is equivalent to (aD+a) 
( bD+^ ), the two operational factors appearing m this very gfiec^/lo 

order ( D® 

Proof — If PoD* + PiD+Pi^a D+a)(bD+P)aIge6r(iicaBjp, 
then Po^^, Pi^P+ba, and The operator (aD+a) 

(6D+^) operating on y gives the result (aD+a) 

ta„ ab^+^(ab'+ap+6a)+(aP+aP')y 

(a D+a ) (b D+0 ) is, therefore, operationally eqmvalent to, say, 
QoU’+QiD+Qs, where Qo^b, Qi'=aP+ba+ab', and Qifa'a^+a^'. 
(a D+a) (b D+^) will, therefore, algebraically and operation^y 
be equivalent to the same expression if Po ^ Qo, Pi ™ Ql , and 
Pi , ( e I if 0 b' and a^' are each equal to zero, vriuch is seen to be 
true when 6 and p are constant quantities 

It can also be seen that under no other circumstanoes are the 
algebraical and the operational factors of PoD*+P]D+P( just the 
same. 

(u) Parttcular Integral. 

[It 18 thought that the foUowug notes will make some pdnts of 
the theory of the particular mtegral of an ordinary linear diffisrential 
equation clearer. ] 

(A) The particular integral of the ordinary linear 

equation ^^+A^i+>i^ 5S+ • • +^ii^+><»-X 
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can bs umqusly defined as that eolation of the above differential 
agnation which does not invdve as pert of itself any non zero valne of 
the C(»npltmantary Fanction (C F } which eqnated to y forms the 

gMieral eolation of 

pKf"0- 

[If the two eqoations above are written as /(D) y>X and 
/(D) yO, then it is seen that if w and v are if possible, two 
porticolar integrals (as defined above) of /(D)y~X /(D) u** 
/(D) v^X, and, therefore, /(D) (mv)«0 3 i**mv therefore, is a 
eolation of /(D)y *0 w— v is thus a valne of the C F which 
equated to y forms the general solntion of /(D) y»0 Since neither 
M nor V can contain as part of itself any non zero value of the C F. 
by the definitioa as stated above, it follows that u~v most be the 
zero valne of the C F u, therefore, mast be identically the same os 
V , t e with the above defimtion there can be only one particular 
integral for a given ordinary linear differential equation ] 


(B) If the particnlar integral of/(D) 9 "X is, as usaal, denoted 

by ^^ - ^j X by defining the resolt of an inverse operation in the 

appropriate manner, then with the definition given m (A), it shall 

have to be onderstood that the resulty^^ X is not to mvolve as 

pert of Itself any non zero value of the C F which equated to 9 is the 

general solntion of /(D)y "0 The value of the resalty^'^y /(D) X 

will, t h erefor e , strictly be not always X, but m every case X— X', say, 
when X* is either the whole of the non zero value, if any, of the C F 
contained as part m X, or else zero if there is no such non zero value 
contained in X (This statement can be formally established as 


follows —Let^:^j^/(D) X"M, say then /(D)Ma/(D) X, le, 

/(D) (M‘-X)n0 w— X, therefore^ is a valne of the CF why 
defimtion cannot oontom a non zero value of the C F If X also does 
not contain any such non zero value of the C F, then u—'Xi">0, or 
Manx— X' where X' is zero If X does oontam a non zero value X\ 
say, of the C F , and no other such non zero value then u—Xwb—Xf 
t e vmX—X' where X' is the whole of the non zero value of the C F 
m X ) In f 60 of the sath chapter of Murray a Difierential 
1 ^ 

Equabona the result ^ ^ /(^ ** established as valid when 

/(a)^ It the result is thus not valid when /(<i)« 0 ^ the ptooess 
laadug to the result must also at smne stafs or the other not be 
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appluaUa wboD/(0) "O. It will probeUy bdp the cku ooteitand* 
Ing (rf the pomt if it IB noted that the step ^ * 

(a) in the process leading to the result rednoas to the 

identity 0*0 when / (o) = 0 (e" being a non-zero value of the 
C.F. in this case )i and thus fails to give any result in the exceptional 
case wben/(a)e0. 

(C) With the special meaning assigned in ( B ) to the result of an 
m verse operation as denoting a particnlar integral» it follows that if V (D ) 
and / ( D) are operators operating on y in ordinary Imear difihrential 

equations with constant coefficients, thenV(D) )X 

only if the expression on the left side does not involve as part of ii any 
non-zero value qftJieCF corresponding to the equation f ( D ) ^ « 0 . 
There are cases m which such a non-zero value of the C*F- is involved 

as part m the left side. Consider, for instance, D cos Xt which 
IS equal to This value involves as part of itself 

the term-^y-^i which m a iion*zero value of the correspondiiig 

to the equation ( D’ + l) 31 = 0. ^ D cos ""pi+'i * “ 

X cos X 1 1 

— 2 — • So it 18 seen in this case that cos x ^ p,_^_^ Dcoe 

for the left side oontams as ita part some non-zero valne of the CF. 
corresponding to (DH l) y«0. 

In 164 of the sixth chapter of Murray's Differential Eqaatkns 

the fonankj^ « V - 

ed. The last term on the right side of this formula is often taken 

call these two modifications of the formula modifications (a) and (^) 
respectively. It will now be seen that such a modification ia not 
olrMsys conect as the direct operator ( D) and the uvene operator 

are not alvayt commutative. Where endi a aodificattan ia 

not correcti the use of the formula m either of the forma (a) or (P) 
inataad of in the original form (whidi u always correct) leads to an 
error. Such a case practically arises when y(D) ia a power of 


* See JhaneOB^sTVsnbsMaidWmiaffffMaaMfMedWoaX page tm 
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m 


( D*+a*) and V is the tngoaometcic hmcturn coe m or sin ox. In 
the footnote given on page 123 of the third editfon of Jhonaon's 
treatise on Difibrentiai E<liiationsb it is said that in cases analngona to 

the evAlotion x cos oxt the method (hat ' shoold alsrays be 

Amployed ' is U consider x ooa <sx as the teal part in 

xt ; and that ' an error might arise ’ if the method of $64 m 

Morray'a bode is used. In this connection it la to be noted that the 
error arises only if form (a) or O) of the formnla (both of which 
fonhs are as shown above mcorrect m such oases) is used, and the 
formula in its ortgttial form gives correctly the value of a particiilar 

integral of the type ** V, where r and s are positive inte* 

gers and V*cos ox or sin ax. To illustrate the point theresolt 

X 008 (sx is worked out in fdl below 


X cos ox-x. cos «x 2D^^, cos iw 

_ ^ X sm ax 1^1/ , \ 

— 2^ jjq:^,2*^(smax + ox cos ox) 


X* sin ax 
2a 


1 


1 


D*+a* 


X cos ox— — 


1 


a D>+a* 


sin ox 


D*+a' 

1 


2 . X* sin ax , X cos ox 

X cos ax ■» — — + — n — • 


2a 




X' sin ax , xcosax 


Had the modified form (a) been incorrectly used to evaluate the 

particnlar mtegrali the result would have been +- ^ - SP^ 

4a aa* 

and if form (^) were used the result would be merel y** *** . 

4tj 

It should also be remarked that though x cos ox* —2a* 
sin ax, stiUgi^xcos axianot = -2a^^^^|;^,* am ox, which 
latter is seen to be equivalent to Th® reason for this non* 

eqnlvalanoe is tbaty^^ [the function of x given J is 
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equal X only if the former does not involva a noo'ieio 

value of the C. F. correapondiog to the equation [/(D) ]*9"0. 

If the second term on the right tide of the modified form (a) is 


taken as -/'(D) yl ^ y [^(^ ^ ]»****“ **“ *■***■ 

colar integral so obtained m the exceptional cases indicated above 
will not in itself be incorrect but will be involvug some non*xaiD 
value of the C.F. Such a method, however, is not practical ; since in 


the evalution ofy^^ C/T^ ^ 1 where, say, V"oos ax and /(D) 

«(D*+ 0 *), the use of the onginal form of the formula m 164 of 
Murray's book appears to be necessary. Similarly if the miyHlUd 

form (P) IS taken with the second term on the right side as— 
t /I^ /'(D) vj then the value of the particular btegral so obtainsd 


in the exceptnmal cases will be incorrect. 



A NOTE ON THE PROPER NOMENCLATURE FOR 
“VRA/E VALBVR” 

K R.GUN)lKARM.A.,aSb.LE.a. 

Rotten Inshiute eif Soutue 

If B fonctional fottajix) booomfis iodetemioaita for b valnex^o, 
bat limit /(x) as exists, Vallte Ponssh calls the limit ” VraU 
Vigour" of the fanctioo at x“a (Coars d’Anabrse, VoL I, 182 
This has been translated into Enghsh ae "true vdlue’' by Gibson 
{Bkmentary TrtahMonthe C«/cw/w5,p.418) and Mahajam’s {Leaaotu 
in Andlyats, p. 70 ). 

It seems that the term " Vrau VeiUur “ or " truo vahe* " is 
anfbrtnnate and scxnewhat misleading. Other terms which wonld be 
less objectionable may be soggested, soch as "tuttureU veAm" or 
*ap^ropriait valux" or vedm”. Personally I consider 

appropneite value " as the most natnial, appropriate and &thng and 
would recommend it for general adoption. 



A NOTE ON THE GENERAL EQUATION OF THE 
SECOND DEGREE WHEN IT REPRESENTS 
TWO PLANES 
flv 

M. U CHANDRATIOYA. lAA , 

Dt^oan ColUgfi, Poona. 

In ex. 8 page 34 aS Bell's Solid Geometry the oonditlon that the 
General Equation a** + fcy* + on* + Zfyo + Zga* + 2xhji “ 0, re- 
presents two planes is mentioned and the stndent is at a loss to 
understand why the more general case of ox* + ( 91 * cs* -f tfsm 4* 
2gMX + 2hxy + 2ux + 2vy + 2ws + <f =■ 0 when it represents two 
planes shonld net be discussed. No doubt the discussion has its 
place 10 Chapter XI ; but the method involved is longer and cannot 
be piclced up easily in the earlier stages. 

Bell mentions the condituna on page 217 of hig book but tbeae 
are not explicit An attempt is made Inre to express these oonditione 
and to deduce them from very elementary oopsideratiom witbPOt the 
help of mnch mathematical analysis. 

As shown by Bell the conditions practically rednoe to those 
reqnired for the four planes. 

0 * + by + gs + » “0 
hx + by+Jk + v"0 
g*+/y + cs + w "0 
w* + xiy + ws + d «0 
to pass through one and the same st line. 


Hence these may be written as . — 



a 

h 

g 

u 


a 

h 

g 

u 

(•} 

h 

h 

/ V 

■ 0 (tt) 

h 

b 

J 

V 


i 

S 

0 

w 


u 

V 

w 

d 


The first of these is equivalent to any two of foor detennlnants 
being equal to zero, whidi may be written as D« 0 , Ki^Ob K|"0 
Et "0 where 


a b g 


a h u 

h b f 

Ki- 

h b V 

g y e 


g / w 


D- 
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a 

6 

u 


h 

6 

M 

K,- 

h 

f 

V 

K|- 

b 

s 

V 


g 

0 

w 


f 

c 

w 


If tny two of these are satisfied the others are also aatomaticaUy 
satisfled. The second is similarly eqmvalent to any two of the four 
determinants involvedi vtg , 


Ki « 0, Ai • 0, A* - 0, - 0 


where Ai ■ 


and At’ 


a 

h 

u 

h 

b 

V 


h 

b 

V 

e 

f 

Ul 


w 

V 

d 

M 

V 

d 



g U 

S V 

w d 


If any two of these are satisfied the others are also antonnatically 
satisfied. 

Hence on the whole the conditions are equivalent to the follow* 
ing — 

D - 0 

Any one of Ki » 0, K| " 0, K| ■ 0 , 

Any one of Ai ■■ 0, At • 0, At » 0 
It IS easily seen that the conditions are equivalent to any three of the 
seven determinants equated to zero , vtM,, 

D, Ki, K|, Kt, All At» At 

and may be taken as Ai*0, At"0, At"0. The others follow as a 
matter of analysis. 

This result is easily deducible from general considerataons Any 
section of the two planes is two st knee Hence if the sections 
by the planes y = 0, s"0 not passing through the same st. line 
are st. hnes the equation must represent two planes No other surface 
of the second degree has this property. 

, * , ax' + 6y* + 2hxy + 2«* + 2vy + d • 0 

ox* + OB* + 2gsx + 2«x + 2ws + <f ■ 0 

hy* + OB* + + 2vy + 2«w + * 0 

represent pairs of st hnes Conditions for which are 



a h u 


O g M 

At - 

h b V 

1 

0 

I> 

1 

gov 


u yd 


u w d 


0 
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b / 
/ 0 
V w 


as prevtoosly estobluhad. As can ba seen from what has hesn said 
hsforo that D 0 antomatically , and this disposss of| as a partknlar 
casB, M. 8 on pogn 34, referred to ahovo. 



DESCRIPTIVE MATHEMATICS 
By 

JOHN MACLEAN 
Wilson Collsgs, Bombay 

I have been asked to write a note on a new coarse for First Year 
Mathematics which it is proposed from this year to make alternative 
to the osnal coarse in Algelnn, Geometry and Trigonometry. It is 
entitled “Descnptive Mathematics'*, and is detailed as follows: 

Paper L — Logarithms. The general qnadratic. Graphs of y^^x* for 

rational valnes of n, and of y"*t^, witii applications. Graphs of 

y^ax”* + + +jlL 

Averages. Frequency distributions. Empirical probability. Binomial 
theorem for a posihve integral index. Evaluation of determinants. 
Simple standard denvates and eleuMntary integrals with applications. 
Paper II. — Slide scales. Similarity of triangles. Inversion. Nomo- 
grams. Graphical rulmgs. The determination of empirical formuke. 
Graiducal eolation of equations. The radian. Circular functions and 
their graphs. Solution of triangles and simple two dimensional pro- 
blems. Addition formulae. 

The suggestion to institute such a coarse came from the feeling 
that the more conventional syllabus in First Year mathematics was not 
fulfilling a generally useful purpose in the educational scheme. This 
fosliag has also expressed itself m the plan for “bifurcation", under 
which mathematics as a subject m the First Year would no longer be 
oompulsoryi but would become merely an alternative which students 
who value it mi^t choose. Teachers of mathematics share this feeling, 
and acquiesce m this negative solution. The ordinary course m mathe- 
matics may not be uninteresting, and it is doubtless valuable as a 
mental disaplina to some students; but it is plain that it is not within 
the power of a large number of otherwise able students to profit from it 
to any satisfoctory degree. 

Yet the University of Bombay has seemed reluctant to follow the 
example of other Universitias m adopting btfureation of studies at so 
early a stage in order to avoid this danger of unprofitable drudgery. 
A remedy more adequate to the students' needs seems deeuable, and 
file oourss in Descnpfave Mathematics is an attempt to find a mors 
toaiHvs tblutiOH, It is not inooosisteat, however, with the proposal 
to “Inforcate”, tboutfi the alternatives to be allowed may re^t in a 
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tendency to make the course cater for too narrow a class of atodent. 
It has to be realised that, while too frequently misuse occurs in appli- 
cations of mathematical methods, the trend of all study and investiga- 
tion in the modern world is such as to increase the importance of the 
port that mathematics plays in the search for truth. Accordingly it 
seems clear that a sustamed effort ^ould be made to give students as 
adequate an idea as possible of how mathematical devices, at least 
those of an elementary type, may be apphed in appropriate ways to 
elucidate certam types of phenomena. 

Thus far the investigations that have been made with this end in 
view have made two things abundantly clear The first is the sur- 
prising range of varteiy often seen tn the a^icatiofu of the same 
mathematical tooL An example is given by equilateral-triangle rulings, 
sometimes called "architects’ isometnc paper". There are the well- 
known apphcations to three -component systems m engineering, in 
geology, and in chemistry, though the significance of the generalisation 
to multicomponent systems in the lost is not so well-known. Also m 
physics use of the triangles is made in various ways, particularly m 
the study of colour. In dietetics certam properties of foods are con- 
vemently represented on these triangles, and a distortion of the triang- 
les makes possible a suggestive and comprehensive representation Of 
aspects of metabolism. Equilateral triangles may be employed too in 
the study of types or changes u populations. Quite a different use of 
the same rulii%s is that for isometric drawings, and it has been found 
convenient in statistics as affording a comparatively ehsy means Of 
scrutuiizing and interpreting measurements of different types after 
regression values have been calculated. 

The second result is that there is a umty and a development in 
the mathematieal pnftcipfss, on which are baaed those quantitative 
methods which are actually being apphed, which oonetitata them a 
"body of knowledge” worthy to be compared with that m the more 
conventional mathematical course Such a claim can be substantiated 
only after the new coarse has been fully tested m practioe^ but agiaooe 
at the detailed syllabus will show at least the possibility that there le 
actually in it somathing of the sunphaty and the range which are 
aimed at in mathematical method. 

It is not possible or fitting to examine here the p r opoeed ooorae 
m detail Only some featnres of its relatum to other braiKhee of study 
may be mentioned " Descriptive Mathematics", the title chosen to 
characterize the coarse, has a ntilitanan bias. It indicates that endea-- 
vonr 18 being made to deal with those mathematical devices which are 
found suitable lor the description of quantitativs phanomenaorinetbodl 
in different seieaoes. But signs are plentiful enongb that whht le Siiist* 
glng po ee as s e e ooneidatable ettttutxU v at m e, not only lor the etndSnt 
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who will tttrn to other atodiee with the knowledge that mathematics 
is more an intricate system of abstractions and manlpnlatlonst 
bat even for the student of mathematics who presumably has proBted 
most from the ordinary coarse. After ally the ordinary coarse is bat a 
Gontmnation of the type of mathematics asually taught in schoolSy sund 
it seems a depnvahon farther to confine the mathematical activities of 
a Btndent with a dair for the subject to lines of approach with which 
he le already thorouc^y familiarized. In the new coarse the clever 
mathematical student gets glimpses of possibdities of generalization 
and of application which give him an opportunity to exercise his 
p owe r s to the full m a way that will often be illuminating m his later 
stadias. 

It appears that one of the most nsefol fnnctions the new course 
may help to perform for students generally is to develop f As orUicdl 
ahitude. An outstanding physiologist, who has found it necessary to 
use mathemabcs somewhat extensively m his researchesy says that be 
finds that mathematics reveals to bimy not so much what he shoalddoy 
but rather what Imes of mvestigabon it may be fnutless to fdlow. 
It 18 probably true that aid to criticism comes from mftthftmfthrft mam- 
ly throat the variety of its methods making possible a scrutiny ap- 
propriate to a particular occasion y and m Descriptive Mathematics 
emphasis is repeatedly laid on the degree of fitness of an approach to 
a topic. Under the ordinary course an alternative proof is often regarded 
as merely a happy accidenty useful in the verification of what had not 
been already clearly apprehended. There is need to extend greatly the 
idea that flextbiMy of method is sometime of essential worthy leading 
to a fuller ^preciation of the meaning of the subject matter. But on 
occasion too criticism depends on ability to manipulate, and great 
stress is laid m the new coarse on methods which make it possible to 
push a calculation through to a definite stage where it may be regarded 
m relation to the other aspects of the matter. The need for a critical 
attitude may be illustrated from a standard textbook, Price's "Practice 
of Medicine”. On page 414 thereof in detailing a calculation for the 
diet of a diabetic patient, the instruction is given to "divide by the 
arbitrary figure 30”. The word "arbitrary” in itself arouses suspicion; 
yet this textbook m its third edition has no comment on this astoniah- 
mg direction it would seem almost obvious that it could have no 
applicatioii beyond the case of the patient nnder considentiQn. In 
applications of advanced mathematics it may often be that resnltshave 
to be assumed without any appreciation of the way they have been 
obtained; but it can only lessen alertness if this attitude of aoqoias* 
cence is allowed to apply to the most elementary processes. In this 
respect our traimug m mathematics should become but ten aid to com- 
MOMssMss. It should be mentioned that when a diatinguiabad pro f e ss or 
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of iwtWifthfta m the north of England had the propoaed oonrae ex< 
plniTu»t to hun, his first comment \vasi ” WeU, this will certainly teach 
the stndents arithmetic I " He had fonnd that his stndentsi even those 
with mathematical ability, could not be trusted to be aocnrate in mak- 
ing calculations. Probably in this respect students in India are not 
any more reliable, and this is a practical defect which the ordinary 
course u mathematics does practically nothing to remedy. 

There is much attU to b* done in discovering how mathematics 
may be most usefully employed m economics and m the sciences gener- 
ally. At present it is evident there is mneh teaching that coold be 
dispensed with, were students to come to their special studies with 
appropriate mathematical preparation. Statistics tends to be treated 
as an ornament to be added to knowledge acquired, instead of as a 
means to critical appreciation of sneb knowledge. Again, workers in 
the difbrent sciences respond m cnnonsly difibrent ways to the sug- 
gestions of this course. Many botanists hail it as a possible means of 
removing obstacles that have long hindered them in the presentation 
of important aspects of their subject, while zoologists seem to see 
nothing in it that is related to their needs I am assured that this is 
an historical accident and that the problems of botamsts and of zoolog- 
ists are essentially the same, thou^ the latter are “still very much 
dominated by old morphological conceptions". This variety of re- 
sponse to Descriptive Mathematics but confirms the antiapation that 
the situation the course seeks to deal with is m some respects &r 
from being defined. It is clear, however, that teachers of mathe- 
matics who, venturing along such hoes as are indicated in Descriptive 
Mathematics, try to help non-matbematical students of the sciences to 
acquire more effective methods of study will find exhilarating 
surprises m store for them. 



NOTE ON A METHOD OF SOLVING SPHERICAL 
BY PLANE TRIANGLES 
By 

V.B NAIK 

Fergusvm College, Poona. 

Having had occauon, in the conrse of certain Astronomical cal 
fnVinnq, to obtoio approximate solntions of a series of spherical 
triangles of a particular type, I was led to consider whether a method 
conld be devised for the purpose, graphical or geometrical, which 
would give the results readily and with a fair degree of aocnracy, say, 
correct within a quarter or a half of a degree I found in my attempts 
that a sphencal triangle can be connected with one or more of three 
plane triangles of a particular type which can be readily oonstmcted 
geometrically from any three given elements of the spherical tnaigpe. 
The geometrical construction is greatly facihtatod by the use of a 
graduated quadrant of a circle (of radius ■■ 10 cm. say) drawn on 
squared paper (divided into sq, millimetres) 

I obtained the connection between the ephencal and the 
triangles from certain projective properties of the sphere, the kind of 
projection used being simple but different from those m mdinary use. 
It can also be obtained and proved by using the ordinary formulae of 
Sphencal Trigonometry. 

2. Let P, Q be two mtersecting planes and let the plane R pass 
throu^ their common section and bisect the angle between them. 
Let X be any point and X' its reflection m the plane R. Then 
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XX' ifl bisected by the plane R at right angles. If XX' mtnsacts tin 
planes P,Q in respectively, we shall for our prasant pnrpose^ 
speak of as the equt-secttonai pojechotu qfX vttk ruttat to the 
planeePiQ. 

Given two planes P, Q and any figure V in a flane paratUi to 
either cif the planes, we can by drawing st lines through all the pouts 
of V, perpendicnlar to the plane R which bisects the angle between 
P,Q, obtain the projections V and V" of V on the planes P, Q. We 
shall speak ot aoA of these as an equ-sectioiial projection of V with 
respect to the planes P, Q. (We shall neither nse nor have occasion 
to OSS the term in the case of a figure V not m a plane panJlel to 
Per Q). 

3. The following simple properties n/ equi-sectional prat/eafion 
can be easily proved — 

(i) The eqm-sectional projection of any at line is a st line of 
equal length. 

(ii) The angle between the equi-sectional projections of two 
given st. lines is equal to the angle between them. 

(ill) The equi-sectional projection of any curve or any portion of 
a curve is equal and sunilar m all respects to the originaL 

4. In applying this projection to pouts and bnes cxmnected with 
a sphere^ 1 shall, with a view to avoid lengthy descnptuaa^ use m 
what follows the usual astronomical terms for pomts and boss 
connected with the celestial sphere. 


c 
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On the celestial sphere of centre I and radius unity, let A be a 
star, B the pole and C the zenith, the arc BC, a part of the 
being in the plane of the paper. Let D, E be the centres of the Mnaii 
arclea, PAQ and RAS, (d which the sph. radii are the arcs BA, CA 
respectively and of which the diameters PQ, RS lo the plane of ths 
meridian intersect u F, 
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Lat K ba tbe midpouit of thauc BC, ao that IK biaacto 4 BIC. 
Then u prajectug equ Mcbonalljr mdi nqiect to the {danaa of the 
boructt and the equator we have to draw two at bnes parL to IK. Tba 
projectiona on the plane of the honzon an ahown in the figna as they 
would appear when that plane is rotated about the north south line 
until it coincides with the plane of the paper. 

Let Of Pi T| b denote the projections of A| D, E, F. 

Theni in the A aPT, 

a r - AE - ES, a P - AD = DP, 
r.T - Z.AEF, r.p - r.ADF, 
and since l AFE » 90°, .* ab is perp. to pr 

5. Now, A,B,C and 0,6,0 being the angles and sides of the 
spherical triangle ABC, the angles and sides <tf the fiam tnangle 
oPT are connected with them by relations which are obtained as 
follows. — 

r.p - Z.ADP - 4 B,(i), r-T - lAES - r.C,(iO, 

Ta ■ AE* Bin CIA * sm 6, (ui) , 

Pa * AD * sin DIA * sin o, (iv). 

Al8(\ IT ■ IE tan lET ■ cos 6 fon-^, (v) * 
ip * ID am IPP/au Dpi 

- 008 PID sin BIK/cosCIK - 00a e tan (vO ; 

whence, PT ■ (oosb + ooso)taa ~ ..... CA) 

6. The diameters PQ, RS of the small orclea PAQ^ RAS 
intersect m F. Let IK intersect RS in G and PQ in H. 

Then, the aqui-sectional projection of AF is ab, 
and ad u petp. to PT. 

Alaok the FGH is isosceles, so that 

4HGF - 4GHF - 90® - ^andGH - 2 FO slai* 

4 2 

Now. GH - IH - IG - (ID- IE) sec 4 * (cm 0 -cos 6} see-^.. 

2 2 

.*. PGBina“2FGain4-cM4" cos 4 “ cm 0— ooeb. 

4 2 4 

But FG projects into Ib equi-aectionally , 

.'. Ib sin 0 * cos 0 - cos 6 . . . . (B) 

7. Again, 

Ib (1-001 a) ■ Ibsinotan (coi3<> - cos 6) tan~ 

■ ip — IT, bjr (v) and (vi^ 
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18(1 + eoa a) ~ 2 18 - 18 (I-oos a) " 2 18 - Ifi+IT 

- (ir + W) - (ip- W) 

- n - jp. 

Prom B, by division, wo get 

(T8 — up) tan * 009 c — oos fr. (C) 

& Tha raaolta (A)i (B) and (C) proved above form fhe basis of 
the geometrical methods of solution of spherical triangles presented 
below. In descnbing the methods, to avoid cof^/ifston, I suppose that 
the given sphertcal triangle has not more than one of its gfvefi sides 
greater than a right angle and whenever such a side exists^ I take it 
as the side denoted by a. It can be easily shown that this supposition 
does not limit the scope of application of the method. If for instance 
two of the given sides are each greater than a right angle, we may 
apply the method to the oolunar triangle. The following considera- 
tions also will be of nse m the application of the method. 

From(A),rp - (coaft + cosc) tan|^ = ri+Ip. 

Hence, always supposing TP as drawn from left to ticdit, 'we 
have. — 

if b < 90** and c < 90^, I lies between P and T , 
tf 6 > 90** and 0 < 90°, I lies to the left of T; 
and if b < 90° and c > 90°, I lies to the right of p. 

Also from (B), I b sin « cos c <-* cos b 
Henoe^ Ib being supposed positive when b lies to the ri ght of 
1 , we have • — 

if b < 90°, 0 < 90° and b > o, b is to the right of I ; 
if b < 90°, c < 90° and b < c, b is to the left of I ; 
if b > 90°, o< 90° and b > c, b is to the right of I ; 
and if b > 90°, o > 90° and b < o, b is to the laftof I ; 
aibence^ if b is to the right of I, b > e, 

and if b 18 to the left of I, b < c. 

9. In making the constrnctions to be described, one is supposed 
to be provided with (besides the ordmary geometrical instmmants) 
a Qvadrant XOY of a circle of nmt radiqs ( = 100 mm. say) drawn 
on a plane surface ruled with two sets of Imes respectivdy parallel 
to OX and OY. The arc XY must be graduated in dfigroow. and the 
Quadrant should be fitted with a revolving radius, (either a piece 
of fine thread or a straight metal edg&) 

In the diagrams, the following iwtattan is used throQgboat 
a,b,o, marks on XY corre s po n ding to sides ajbfit of AABC ; 
d/h do, do, laandfb; 
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ptojoctiota of a,bfi on OX, 

I ) utersectiODS of the ordinates idjbmfiu with Og and 
a fi , j Oh respectively 

Further, we shall denote the ordttiaiea^of etc hy Mt (fr) 

(®^)»(^0i «tc , so that (a) * al, (o') “ o'/, and so on 

The wee of the Quadrant is essential in the constructions It is 
to be used for three purposes — 

(i) Noting marks on XY corresponding to given angles and 
vice versa 

(u) Noting marks on XY corresponding to given projections 
on OX 

(ill) Noting lengths of ordinates 


10 Case I Given ajb,c, to find A,B,C 



Solution —Construct A aPl, such that 

pi - (6') + (c*), la " (b), aP ■ (c) 

Also, construct Aa'P'l, with a!^' on 1«, ip respechvehr, 
such that ip' - (a), i,' « (^) + (^) 

Then. A - ^Ya'P', B = /.api, C - z.pi« 
Protif InthaAaPi, 

PT - (6') + (</) a (cosh + cose) tan 

A 

T« ■ (h) ■ sm h, and aP ■ (c) ■ am c 
.. By (A). B - tapr, C - apTa. 

Also, in the A a'P'T, 

Ta' - (o') + (o') - (oo80 + coac) tan*, 

rp* ■ (ft) - Bind, and apTa ■ C 
By a ration similar to (A), A ■ aTa'P', 
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[ In tbe diagram, we have : — 

Givai^, a - 70® 15', » - 49® 30*, o - 38®45', 
w«find, A -no® 45', B - 49®, c-38^*3(/]. 

Case II. Given A,B,C ; to find ajbjc. 

Solutton . — Solve, as in Case I, tbe polar A of ABC. 
11. C<Ms III, Given a,b, C ; to find A3f <>• 



Solutton — Constmct AaTI, snch that 

4.«ti - c, ri - (*0, rn « (*). 

Draw ah perp. to TI prodnced if necessary. On O 0 in die 
Quadrant, make Op - Ib, and on OX mark off w» - (^) to tbe right 
or left of m according as b is to the n(dit or left of I. Then, if no is 
the ordinate at n to the aro XY. 

0 - the angle given by the graduation mark 0 . 

Now, constnct As a^T and by taking 

IP - (<0. rp' » (a), Ta' - («•) + (q*). 

Then, A - B - 4«PT. 

Proof , — On - Of» + »»» - Om + if) 

- cosA + Ib sm 0 
Hence, oosc ■ On, which gives c. 

Rest of the proof is the same as m Case L 
[ In the diagiam, we have, 

Given 0 - 76® 30', b - 50® 15', C - 34® 15^ ; 
we find A - 121® 30', B - 42®, e • 40®.] 

Case IV, Given e , to find a^C 

Solutton Solve as m Case III the polar tnangie of ABC 
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Pio. 5. 

12. Cow V. Given 6 , c, B , to find A. C, a ; (o > 6 ). 

Solutton Constrnct A a each that 

z. 0 ■ 4 . B| 0^ > (c), aT ■■ (h) , OunbignonB case). 

Snppoee we get two eolations, viz. As a3Ti and a^Tf. 

Note M on OY such that Ou <= tm, and note A g on the ocdlnate 
at u such that up > ^Ti and uq ■ ^Tj. Note now the points gt and 
A where and Og cat arc XY. Then 

a, ■ 2 the 4 . marked by gi and Ci <■ 4 . ^Tiou 
Also, 01 * 2 the 4 . marked by gt and Ct « 4 . ^Tio. 

To find Alt All now proceed as m case I. 

Prog/'.'-If at be perp. to 0TiT|, then by property (C) 

»m COB h - cos 0 * (tp - Tt) tan 

Now rt IS 4 ve or - ve aeoording as t lies to the rtyht or hft 
d T; also STi - Tit. 

For ^PTb »w - (tp 4 bTi) tan ^ - TiP tan 

and far ^ aPT*a was ■ ( tp “ Tit ) tan ^ “ TiP tan 

/. tan^-2!5 tan<,;tan&-^-^^-lan0fc 
2 Tip uq 2 Tip up 

Hence the given constmchon fat a\ and 0 |. 

oc 
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[ In tha dngnun wa have 

Given b - 50® 45', c - 69“ 15', B - 44® 3(/ ; 

we find Ai “ 25®, 45', Q - 122® Xf, oi - 29® O' 

Ai - 115® 30’, C, - 57® 30', 0^-95® IS*]. 

Com VI, Given B,C, b ; to find a, c, A. 

Sdutton Solve as b case V the polar A ot ABC. 

The formnlae (A), (B), (C) may be used to derive the nanal 
fundamental formnlae of Spherical Trigonometry ; also proofs of the 
geometrical constructions given above may be obtained fay using the 
ordinary formulae, but are somevdiat lengthy and unnecessary here. 



AN APPROXIMATE CONSTRUCTION 
FOR ANiANGLEOF 40® 

B9 

V. M. TELANG. D. A. 

The following very elegant and simple method of approxiniatsly 
constmcting an angle of 40® la given me in the Indian Mathematical 
Society's Magazine, Janoaty, 1933. 

Take a circle ABC. AB is the diameter and C the nudpoiat of Am 
AB< With centre C and radios * | AB cot tfro CB at D. Jom 



BD and measore BE » BC. Then the ang^ BAE apptox* 40^. 

For let AB ^ 2a, then BC a ^2 ^ eoBle ABD • 75®. 

Hence if l BAE " 9. 

8inJ _ 8m (75® + S) 
aoJZ 2a 

This gives 9 » 390 24' apptozifflately 

This c(»Btnction amounts practically, to the oonstmctioD of a 
A of sides 20| 0 V2 and the indnded angle 7^. 

Another oonatroctiOQ to a better approamation ma^ be flvea 
fisfi^lowe, 
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lUn a tritn^ ABC H 4.lifat Cwith ndNsaad^-^ 



BC ~ a Measara CD ■ of 0 This means divide CB into 25 
parts and take 17 parts opto D Then the 

angle tan *(^-^/ ■ 30®andtheaEgle9"tan 

■ 40^* approaunately 

This oonstnction is better as it gives the lesnlt correct to within 
two deomal places. This latter constroction is not also inoonvemeat 
from a practical standpomt if 25 divisions of a scale an used as the 
startiag length 



NEW LIGHT ABOUT AN ANCIENT INDIAN 
ASTRONOMER’S FIRST POINT OF THE ECLIPTIC 

B) 

A. B PALKAR 
Rajaram Colkg 0 , Kolhapur. 

(Sifttopsta ' — For the last hondred years or more, the Western 
scbdars ate of the opinion that the Indian astronomers calculated the 
places of the planets, the son and the moon from zeta-Piscinm. 
Amongst the Indian astronomers of the present generation, there is a 
sharp controversy over this point In this thesis, it is definitely shown 
by means of new ctrcumstanltal evidence that one of the anaent as> 
tronomers namely Ganesh Daivadna did not hold {| Pisanm as the 
first pomt of the ecliptic Also it is proved incidentally that alpba- 
Ononis is the pnncipal star of Ardra) 

Mr< John Bentley, a member of the Asiatic Society published m 
1823, a treatise entitled "Histoncal View of the Hindu Astronomy”. 
In this book he had advocated many of his theories, one of these being 
that C Pisaum is the starting pomt of the ecliptic according to ancient 
Hindu astronomers. Since his days, there has been a sharp contro- 
versy amongst the Indian astronomers abont their starting pomt of the 
ecliptic. 

There is one usportant difference between the Western and Hindn 
astronomera about the method of calculating the bngitnde of a celestial 
body. The Western astronomers calculate the longitude of a heavenly 
body from the cutting pomt d the equator and the echptic. But the 
Hindu astronomera have been m the habit of calcnlating the longitude 
of a celaatiftl body from some fixed pomt A few centnnes after 
the Christian era, this method of determining the longitude of a 
body from some fixed pomt came mto vogue m India. The exact 
date, when this method was first used by the Hmdu astronomers la 
not known. It is supposed that m 444 of the Sbaka era (t.e., m 522 
A.D.) the cutting pomt of the ecliptic and the equator (t.e, vernal 
equinox) and the Hindu astronomers’ startmg pomt on the longitude 
circle coincided. But no defimte opinion can be expressed abont this 
date. I have detenmned the view of Ganesh Daivadna who wrote his 
famons treatise “Grahalaghava” m 1520 A. D. This book is so 
widely used and studied by the Hindu astronomers that the more an- 
cient treatises of the Hmdu astronomers such as Aryabhata Brahma- 
((apta, Lalla & etc. have been superseded on the ougor portion of the 
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Hinda continent One of the etnking featoree of this book namely 
Grahalaghava as compared with the more ancient books on the same 
•object IS that the places of the planets, the son and the moon can be 
calculated without the use of trigonometrical functioDS In order to 
understand the usefalness of Grahalaghava to ancient Hindu astro 
nomers one must pay attention to the following two handicaps to which 
they were subject (») In those days the Hindus had the tables of 
the sine of angles differing by 3i degrees and (») all multiphcations and 
divisions had to be done without the use of the logarithmic tables 
The calculating machines of the present generation would have been 
to them a veritable Aladdin s lamp Hence it was very tedious and 
tronblesmne to them to calculate the places of the planets etc , by 
means of the methods advocated by the still more ancient Hindu as 
tronomers such as Aryabhata, Brahmagupta etc 

It IS detimtely known that Keshava Daivadna, the father of 
Ganesh Daivadna was also a great Hindu astronomer and that his son 
Ganesh Daivadna had studied astronomy under his father s tutorage 
and that both the father and the son had taken numerous observations 
of the stars and planets After taking into consideration all these 
facts, we can safely draw the inference that Ganesh Daivadna must 
havedefimtely &ied upon the starting point of the ecliptic for his 
Grahalaghava If it can be ascertained that his starting point was not 
C Piscinm, some dtfimie tfmghi about the opinion held by the Hindu 
BStroDOmers of his period will be available to us 

Now one outstanding feature of the onaent Hindu astroncmierB 
19 that they did not as i rule, give the observations and the exact date 
of those observations If they had given the exact date and the obser 
vations taken by them, it would have been very useful to later genera 
tiottB Though the anaent Hindu astronomers did not give their 
observations with the dates, they mtroduced many ” Bija sanskors ' or 
corrections mto the current methods of their tunes Bat these oorrec 
tions cannot, as a rule, be used in deciding the debatable pomt of { 
Piscium As neither the observations nor the correspondiDg exact 
dates are known, it is not possible to guess anything with certamty 

I have come across a certain passage of Ganesha Daivadna occur 
ring m Mnhurta Sindhn — 

snwHW wr ^ 
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^ ** -A ^ ^ 

PTTSiniBQPVT: IWJPW ^jrawfT w 

’NlWHW arft fItJISNT NTl^sJNNWnW II ^ II 
^ < F3n (^«i 

aittft «l< T i ’it ft^!> i ^N g^nrt ■ f | M l ^I>q«t< T ift I 

Slrst: t 

*1^ TONT g^ l^ awfti ! ^ ^ v^mR ^ l*>vw l «ffq ; ii ^ ii 

Translatton —“When the nakshatia As'wuu comes on the meri- 
dian, the rising pomt of the ecliptic is 102**, m the case of the 
nakshatra Bharam it is 112°, that m the case of the nakshatra Kritika 
it IS 120° , that of Rohini 140° , that of Mngashirsha 153°, that of 
Aidra 156°, that of Ponarvasn 183°, that of Pnshya 196°, that of 
Ashlesha 197° , that of Magha 217° ; that of Pnrvafalgnm 232° , that 
of Uttaraphalgoni 240° , that of Hasta 251° , that of Chitia 263° ; that 
of Swab 277° that of Vishakha 291° ; that of Anuradha 305° , that of 
Jeshta 312°; that of Mula 327°, that of Porvashadha 345°, that of 
Uttarashadha 351° , that of Abhijit 354° , that of Shravan 12° ; that of 
Dhamsta 28° , that of Shatataraka 61° , that of Purva Bhadrapada 66°, 
that of Uttara Bhadrapada 74° , and of Revab 94°; This is stated 
by Ganesh the son of Keshava Daivadna , and these fignres will be 
true m the case of a place having four “Palabha" (».«., having the 
labtnde of 18° 26'), bat at other places, there will be email differ- 
ences " Now the date of this author’s widely known and circnlate4 
book of Grahalaghava is 1442 of the Shaka era (t.e, 1520 A. D.) and 
he must have made the above mentioned observations prior to this 
period. Now as these are the observabons about fixed stars and not 
about the planets, even a difference of some 20 years would not amount 
k) even 1/3 of a degree doe to the precession of the equinox. The as- 
cendug point of the ecliptic is to be observed on the eastern horizon 
at a place having four palabba t e., a place having the labtude of 18P 
26' 6" Nandigram or Nandagaum, the nabve place of Ganesh Dai- 
vadna has the latitude of nearly 18° 26', and so we are osrtaio that he 
obtained the figures mentioned m the verses by actual observatiooB. 

Out of the 28 stars, mentioned m his verses, ofily thorn can be 
relied upon which were near the celestial equator. The necessity of 
this oondibon can be ezplamed thus a star which has modi declina- 
tion towards the north will appear to stay for a longer period on the 
meridian “ belt " and a star having much southemly decimation will 
appear to move rapidly on the meridian “belt”. Secondly the point 
of the echpbc which will be ascending when a parbcular star is on the 
marultan should not make a very large angle 0£*; otherwise the pomts 
on the ediptie will not be rising with the same speed (t, e. angular 


The sngle ol the rWng point of the eeUptIc with the BeshWeetllna 
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motion per nnit of time) as the star on the meridian. By merkliaa 
"belt”, I mean a small strip of the sky made up by two panllel 
circles at a very small distance (say i degree) on either side of the 
meridian. The stars will appear to be on the meridian circle to an 
observer with mdimentary instnunents when they are within the 
meridian “ belt 

Hence these two conditions are absolutely necessary if we have to 
use the data given by Gauesh Daivadna with confidence. 

It IS certam that be must have taken his observations either with 
primitive instruments such as Gbatika ( Indian water clock), Nalika- 
yantra (the Indian astrolabe) etc. or by simple observations. For it is 
known that the chronometer or the telescope or other modem instru- 
ments which can give very accurate results were unknown to Indian 
astronomers of those days The Indian astronomers drew their conclu* 
sions about the apparent motion of the planets etc. by taking a large 
number of observations with simple instruments, for a long period. 

Now when the criteriar-namely the star on the meridian as well 
as the rising point of the echptic should be very near the equator-be 
apphed to the 28 stars quoted in the above mentioned verses, two only 
can be selected out of the 28 stars and the rest must he refused* 
These two are Ardra and Shravan 

But about the principal star of Ardra there is some difference of 
opinion. Mr. John Bently and Raobahadur Chhatre were of the 
opmion that the principal star of the Indian lunar mansion Ardra is 133 
Tauru But authorities like Colebrooke, Whitney, Burgess, Bapudeo 
and Ketkar are of the opmion that Alpha Orionis is the star of Ardra, 
while Dikshit alone held the view that Gamma Geminomm is the 
principal star No reliable inference can be drawn unless this difibrence 
of opmion be settled with certamty. So I shall examine the opinions 
of these persons. 

Now these different opinions arose because Bentley, Chhatre and 
Dikshit supposed that a Ononis is a star comprising the lunar mansion 
(nakshatra) Mriga (deer). But if we take into consideration that the 
pr o per names of that lunar mansion is Mrigaaheersha (head of the den) 
and not Mnga (deer) alone, then there can be no difficulty in assigning 
a Ononis as the star of Ardra. Bentley and Chhatre todc 133 Tfeum 
as the prinapal star of Ardni which is much removed towards the 
north of Ononis. But Dikshit could not acquiesce hunaelf with 133 
Taun which is of 5 2 magnitude. Hence he chose T Geminomm 
which has the magmtude of 1*9. 

Agam it should be noted that those lunar mansions ( nakdiatra) 
which are constituted by a single star cannot have a star like 133 
Toun, the magnitude of which is 5*2, e. g. (f) The nakshatra Chitra is 
composed of one star namely the Spicaand the Spica is of 1-2 magDitodti 
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(A) Tbtt naliBhatta Swati is made op of om star nsioaty tbs Aretnras 
ft the Arctnms u of 0*2 magnitude. Therefore^ die only alai of Aidza 
cannot be 133 Tauri the magmtude <rf which u 5-2. It may be notedi 
in addition, that stars of the 5th and 6th magnitnde ate only viaiUe 
when the sky is gmte clear and also when the Ivight moon is not in 
their vicinity. Agam it is worth noting that Bentley expressed with 
great diffidence his view that 133 Taon is the star of Ardta. For on 
page 104 of " Historical View of the Hindn Astronomy ” he placed 
the sign of interrogation after 133 Taun. So when it is known that 
Bentley himself is not confident aboot 133 Tauri and that schoIarB like 
Colebrooke, Whitney, Burgess, Bapndeo and Ketkar are of the (pinion 
that a Orionis is the star of Ardia, we can very safely set aside 133 
TanrL The opinion ctf Diksbit will be scmtiniaed at the end of this 
essay and it will be proved there that he was qmte wrong in assnining 
T Gemlnonun as the star of Ardra. 

It is also worth noting that all the ancient Indian astronomical 
works such as Nakshatra Kalpa, Vridhagaigiya-sanhita, Varaha-mihir, 
Khanda-Khanyaka, Ratna-kosha of Lalla, Shakalyabrahma-sidhantB, 
Ratnamala oi Shnpati, Muhorta-mala, Mahartachitamani, etc., nnam- 
monaly say that the lunar mansion of Ardra has only one star. Also 
the foUowmg verse known under the name of Mulanusari-sphota says 
that the lunar mansion of Ardra is like mam (jewel) 

(Meaning' — Mrigashirsha has three stars of the form of the 
month of a deer, Ardra has one star like mam ia jewel, Ponarvasn 
has four stars like a house, Pushya has three stars like an arrow.) 
So a Orionis which is of 3 to 1 1 magnitnde most be the only star of 
Ardra to sparkle like a jewel and the star 133 Tanri which is of 5*2 
magnitade can never possibly be the star of Ardra. 

Now let ns find out by calculations the rising pomt of the echptic 
at the tune of Ganesh Daivadna when a Orionis used to come on the 
meridian at a place, the latitude of which is 18** 26*. On the 1st of 
January 1920, the R. A. of a Orionis is 87** 42* 49* and the d<iriina»Vm 
IS North 7** 23' 33*. The obliqmty of the echptie is 23** 26' 54*. 
By lOwnging these cO'Ordinates, we get 

Longitude -88“ 59* 51* ft 
Latitude - 16** l' 58* South. 

Also in 400 jrears the precession of the equinox — 

- 50*26" X 400 
-5** 35' 4" 

Therefore in the days ci Ganesh Daivanya. the longitude of a Oriooli 
is got by dodactii« 5** 35' V' thne 
DO 
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88® 59' 51" 

5® 35' 4" 

83® 24' 47" = long, of a Ononis. 

But the latitude of a star remains the same. 

The conesponding R, A for a Ononis having the longitude of 
83® 24' 47" and the latitude of 

16® 1' 58" IS 82® 18' 3". 

Now 400 years ago when the star a Orionis having the R A. of 
82® 18' 3" came on the meridian, the point of the ecliptic on the 
eastern horizon will be 172® 40' 6" and the angle OE (i e. the atvdo 
made by this point with the East-west line will be only 3® 2' 8^0 

Now it may be noted that Ganesh Daivadna did not know the 
correction for the refraction Therefore this correction must be 
added So 

172“ 40' 

0* 33' 

173® 13' 

Therefore 173® 13' will be the apparent ascending pomt of the 
ecliptic on the eastern horizon 

It must be specially noticed that, I have followed this tedious 
process of twice changing the co ordinates and then finding out the 
rising point of the ecliptic instead of using the easy method of the 
the annual variation. For a period of 400 years, the figures for annual 
variation are not reliable and hence these cannot be used in the 
present case. 

Now it will be seen that the apparent rising point of the ecliptic 
IS 178i durmg the days of Ganesh Daivadna, But in the verses 
quoted from " Muhurtasmdhu," it is said that the rising point of the 
ecliptic IS 156® when a Ononis comes on the meridian. Therefore 
H ivliir tiTig 156® from 173i we get 17t® Tbts must be aJ>proxtmately 
the distance according to Ganesh Daivadna between the true vernal 
equmoa of those days and the Hindu astronomers* startug pomt 
of the echptic. But m those days C Piscium was at a distance of 
13 j from the vernal equmox. 

I have already noted that Ganesh Daivadna and Keshava 
Daivadna his renowned father and preceptor m astronomy had made 
that science their lifelong study and occupation. It may be noted 
also that Ganesh Daivadna’s views were accepted by his tmmedutUip 
succeeding generattons. Thus his treatise superseded the works of 
ancient authors for calculating the places of the planets, the son and 
the moon. Hence it is settled that Ganesh Daivadna who had taken 
actual observations was of the opinion that the Hinda astronooMn* 
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Starting point on the ecliptic ia some point other than ( Piadom and 
that this point la at a distai^ of about 17^ from the vernal equinox. 

I shall give another comAorattve evidence. 

In tha caae of the lunar mansion Shravanst it ia unanunouBly 
admitted that a Aqmlae la the principal star. The R« A. of a Aquilae 
or Altair is 296^ 42^ 42* on the Ist of January 1920 and the declination 
18 North 8® 39^ 22* The obliquity of the ecliptic is 23® 26' 54*. 
By changing these co-ordinates, we get 300® SS' 52* as the longitude 
of a Aquiloe and the latitude of it is 29® 14' 28" North. The preces- 
sion of the vernal equinox in 400 years is 5® 35' 4". Therefore the 
longitude of a Aquilae must be 295® 3' 48* in the days of Ganesh 
Daivadna. llie latitude remams the same. Now by agam changing 
the co-ordinates we get the R A. of a Aquilae to be 291® 52' 35*. 
This was the R.A. of a Aquilae m the days of Ganesh Daivadna. 
When this star came on the meridian at a place having the latitude 
of IS® 26', the ascending point of the ecliptic on the eastern horizon 
was 27® 27' 18" and the angle OE was 11® 9' 49" , and by adding 33', 
the correction of refraction, we get 28® O'. But Ganesh Daivadna 
says that the rising point of the ecliptic is 12®. Hence the distance of 
the vernal equinox from the Indian astronomers* starting point on the 
echptic was 16® O' m the days of Ganesh Daivadna. 

In the case of the lunar mansion Ardro, this distance was found 
to be 17i so there is a difTarence of Ij degrees. But this difference 
can very easily be accounted for. Firstly the angle OE m the case of 
Shravan (i c , a Aqmlae) is 11® which is rather large and in the case 
of Ardra (».«., a Ononis) this angle is 3® only. Secondly Ganesh 
Daivadna had to take his observations with the help of rudimentary 
instruments. Therefore it is but natural that small discrepancy is 
very likely to arise in noting the ascending point of the ecliptic 
which makes such a large angle OE of 11® However it la not at all 
necessary to enter mto mmute details whether 17i or 16 is the more 
correct value Even with either of the value namely 16 or 17i, it 
proves that Ganesh Daivadna and his contemporanes did not think 
that ( Piscium was the starting pomt of the ecliptic. 

Finally the case of T Geminorum advocated by Dikshit will be 
considered 

This star may be similarly treated os was done m the case of 
a Ononis and a Aquilae and the rismg pomt of the ecliptic, may be 
found out when T Geminorum came on the meridian in the days of 
Ganesh Daivadna. It will be found after the calculations that the 
rising pomt of the ecliptic was 182i. This value is inconceivably 
wrong with the circumstance of the case. Because if 1* Geminorum be 
accepted, then in the days of Ganesh Daivadna, the distance between 
ibe Hui4u astrcmomers' starting pomt and the vernal equinox (rf tbosq 
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days amoants to This absoid rwolt aumot be got by ndbiiMitiiy 
iBStroments or by even bare obeervatioma of the aye alone II And 
hence T Gemioomm cannot possibbr be the atar of Ardta. Dikddt 
was led to think that a Ononia cannot be the atar of Ardra, becanae 
it 18 part of Mriga (deer) And hence some other atar of first or second 
magmtnde near abont a Orionis shoold be the star of Ardra. Bat as 
already pointed oat Mrigasheersha (head of the deer) and not Mnga 
(deer) is the proper designation oi the lanar mansion pteoeding Ardra. 

Cotielunoti : — 

This method which is based upon the actual obaervationa of 
Ganesh Daivadna, does not require the exact dale of the observationa 
obtained by him. A difference of even 25 years will prodnoe at the 
most a change of 1/3 degree. Also the observationa are free bom any 
prejudice as there was no bitter controversy in his days about the 
starting pomt oi the ecliptic. He must have adopted the view as 
was then prevalent throughout the major Hindu continent, with some 
minor changes of his own. Also these observations are of the nature 
of arcumstantial evidence. Hence they are important m giving an 
msight about the opuuon of Ganesh Daivadna and his contemporary 
astronomers abont their startmg pomt of the ediptia They held 
tfUfiitediy that ^ Piscium is not the startiog point of the ecliptic and 
that this pomt was at distance of about 16i±i degrees from the vernal 
equinox of their days. The quantity i degrees is mtrodooed from the 
fact that the correction for refraction was never detected by the 
ancient astronomers , therefore I have taken i degree as the value of 
" probaUe error 
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We ate livii« in the twentieth centiny, a century in which aaence 
has made a most extiaordinary progress in all directions. Of all the 
mvestigahons made during the last 20 or 30 years those made in the 
science of dietetics will hoid a no mean place, for they have a vital 
bearing on the improvement of the human race. The condusions to 
which Major-General Sir McCamson and other workers m the 
same fiwld have come as a result of their investigations on food, 
have been most far-reaching and have given a new hope to man. 
He is now no longer helpless as before when he was under the 
fain* notion that climate was the principal factor m inilnencing the 
health and growth of the body. McCamson has conclnaively 
proved that it is not so much the climate as food which plays a 
vital part in producing a strong healthy man or a weakling suffering 
from all sorts of ailments. Climate one cannot control but food 
one can and therefore it is that a new world of hope and dieer 
has opened out before man inasmuch as it is completely witbm hie 
power to maintain good health and efficieiK^ and improve bis race by 
taking advantage of the latest researches on dietetics. 

If science has shown what a powerful weapon the knowledge 
about food IS m the hands of man for making the race healthy, 
strong; phjrsically fit and efficient what steps should be taken to 
bring a^t this result in a country like ours where an epidemic 
like influenza can sweep off, at one fell swoop, more people in one 
year than the great war had done in four years, showing how low 
the vitahty of the people and their resisting power against disease 
must be. An important advance would be made if well-balanced 
dwtariss catering to all tastes and suitable to all purses were 
prepared. India is a poor country and therefore the dietaries most 
be very cheap. It is, therefore, verylnecessary to make investigationa 
to find out cheap but at the same tune nutritious substitutes of food 
materials to replace the costly ones. India is, agam. a country so vast 
and varied in respect of clunate, altitude and sod that it is in a positioa 
to produce successfully every variety of grain, millet; bean and 
food materials. Every effort must, therefore, be "uyfa to grow m our 
9 oaatt 7 food-fto$ of oof own mtd other countries which havu bepn 
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found by experiment and experience to satisfy the phjrsicali chemical* 
bio*cbemical| physiological and eooDomical tests e.g.| spya bean, ( vide 
page 253 ) 

1 his naturally brings into prominence the importance of establish- 
ing Institutes of Nutritional Research in every Province m a big 
country like India and directs our attention to the mtimate connection 
they should have between the Agricultural Departments on the one 
hand and the Industrial Centres on the other. To the former they 
would suggest problems of research such as that of studying the beat 
conditions under which a food-stuff like Soya bean can be grown in our 
country and to the latter they would suggest the need of doing propa- 
ganda work among the industrial population for a large use of certain 
food-stuffs which have been found to be best and of making an adequate 
provision for their supply at a very cheap rate and in an unadulterated 
form. They would also be helpful in preparing the dietaries mentioned 
above 

It IS to the important mvestigations on food-stuffs earned out by 
F Gowland Hopkins in England, by Osborne and Mendel. McCollum 
and Davis in America and by E. Abderhalden m Germany that we owe 
our present knowledge of the new values of nutrition and the new 
standpoints in the study of nutrition It is to the investigations of these 
men and particularly to the researches carried out by McCortison in 
India on the Indian food stuffs and their bcarmgs on health and disease 
and physical efficiency that I shall refer, now and again, in the coarse 
of this article, to show how they vitally affect the question of the 
improvement of the human race, 

Major-General Sir McCarrison. Director of Nutntional Research 
at the Pasteur Institute. Coonoor. South India, in the evidence he gave 
before the Royal Labour Commission three years ago made the 
followii:^ memorable statement on the relation of food to the physical 
effiaency of Indian workers " ' The level of physical efficiency of 
Indian workers is, above all else, a matter of food. No other single 
factor, race, climate etc* has so profound an influence on 
their capacity to sustain arduous labour and prolonged muscular 
exertion. Nowhere in the world is this outstanding mflaence of food 
more conspicuously illustrated than in India As we pass from the 
North-west regions of the Punjab down the Gangetic Plain to 
coast of Bex^l. there is a gradual fall m the stature, body-weight, 
stamina and efficiency of the people. In Euxxirdance with this decline 
in manly charactenstica it is of utmost significance that there is an 
accompanying gradual fall in nutritive value of the dietanes. and more 
especially in the average level ot imtein metabolism attained by the 
people of the Punjab. United Provinces. Behar and Bengal* Lt. 
Cd.D.McCay of the Indian Medical Service reached tbeee condueloqi 
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some 20 years ago as a result erf his natritioDal researches ; my investi- 
gatioDS have served to confirm their accoracy. This decline in physical 
efficiency extends to inhabitants of the Southern and Western 
parts of the Indian Peninsulai It depends almost entirely on tiie 
gradually diminishing value of the food with respect to . 

A. The amount and quality of its proteins. 

B. The quahty of the cereal grains forming the staple article of 
the diet 

C. The content and the quality of the fiats in food 

D The vitanun and the mineral content of the food." 

The same idea gams further support by the evidence adduced to 
solve the following questions Is it because of the preponderating 
race diet that the Japanesoi the Chinese, the Javanese and other 
oriental races are short in stature ? Again, is it because the Polynesians, 
the Northern Europeans, the Sikhs, the Punjabis and the Pathans hit 
upon a dietary condncive to greater growth that they are taller in 
stature 7 Let us examine the evidence on the subject. 

It was found by Japanese Scientists that by c h anging the dietaries 
(rf certain school-going children the children who received a diet aug- 
mented by food used by the taller races were found to be several 
mches taller and several pounds weightier than the children who were 
fed on the normal diet of the country 

There is a German proverb which says ' Man lat was er isst ' 
( a man is what he eats ). This view was further confirmed by ex- 
periments carried out on rats The rat is an excellent animal for 
purposes of these experiments. They are both vegetarians and carni- 
vonans and as their metabolic processes resemble those in man the 
efiects of food upon rats are often analoguous to those upon men. 
Agam, the young of these animals grow and breed rapidly and medical 
scientists are therefore able to observe the changes takmg place m 
their organisms within a few days or weeks at the most and conse- 
quently to draw accurate conclusions from experiments carried out on 
them under experimental conditions. 

In the discussion of the question on the relationship between 
climate, food and sod on the one hand and physical efficiency, health, resi- 
sting power against disease, capacity for endurance and hard work etc., 
on the other it was difficult to decide which of the three ffictors climate, 
food or sod played the most important part This question was very 
ingeniously solved by McCamson by selecting Coonoor, a beauti- 
ful spot on the Ndgiri Hills, 6000 feet above the sea level, reputed for 
its salubrious climate, as the station for his classical experiments and 
by the strictly scientific conditions under which he carried them out He 
had the following ffictors constant for all bis experiments, viz, climate 
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and soil, the only foctor which he varied was food. McC^mson 
as a result of the experiments made under the above-mentioned 
conditions was able to come to some most unportant and far-reaching 
conclusions as to the effect of food upon the health, stature/ stamina, 
physical efficiency, etc, of the rats , for food was the only factor which 
he varied, keeping all other factors constant throughout the experi- 
ments He did not arrive at these conclusions by making one or two 
experiments but a large number extending over a period of three years 
over hundreds of rats all of which pointed to the same oondusioo. 

Relative Values of the National diets of India. 
Diagram l* 



Graph to diow growth in the weight 6t rats during the experiments In 
feeding on the dkts of different ncea 

In one of the classical experiments devised by McCarrisoD 
to find out the nutritional values of the diets of difibrent Indian races 
ho fed rats on the diotanes of the folbwing races, viz. Sikha, Gurkhas, 
Marathas, Pathans, Kanarese, Bengalis and Madrasis and found that 

* 3y Courtesy of Major-General Sir MoCarriioa 




Average Specimens of colonies of rats ted on the national diets or India 

Diagram 3* 



By kind permission of Major General Sir Robert McCamson 
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the perce n tage increase in body weight of rats fed On thO Sikh diet 
after 80 days was the highest (60) while that for the Madiaaei diet for 
tiie same period was found to be the lowest (18). Diagnma 1 and 2. 
give a vivid picture of the effect of food on the growth and size of the 
body. The Sikh and Madrassi diets which wen given to the rats in 
these ezpenments are shown in Appendix A. 

The condnsions regarding the relative phydcal efficiency of the 
different Indian races arrived at by McCay and McCamson 
have been independently confirmed by Prof. Vaidyanathan from the 
mvestigationa made by him on the height, weight, chest and abdominal 
measurements of 51,186 Lives of Hindus frcun different pcovucea of 
India Assured with the ' Oriental Life Office.' He states m his report* 
“ There is no questioning the fact that the Punjabi is the best of all 
Indian types when the comparison is baaed upon weigdit given height 
and age.” The seccmd place is given by bun to the Hindus of the 
United and Central Provinces and Bengal. As regards the two 
remaining gronps of Hindus, vis. the Madias Hindn and the Bombay 
Hindu be states “ There is no question bnt that these two classes cany 
the tail end of the whole Hindu Group.” 

In the second experunent devised with the same object McCairi* 
son fed rats on the habitual diet of the poorer classes In Europe and 
compared it with that of the Sikhs. The resnlts of the experimen t s 
were that the rats of the Sikh group were of much larger sue witii 
smooth coats and gentle demeanour while those of the European group 
were stunted in growth, bad rough coats, a nervous dup^txm and 
snffered severely frmn diseases of vanons kinds. These ezpenmenta 
show that change m national diets may change national characteristics 
In the future ; they also show the relative nutntional values of the 
national diets of different races. 

In the other experiments devised by McCamson to find out 
foe relationship between food and health on foe one hand and food 
and disease on the other, he observed foe following conditions vi»^ he 
used the same animal booses, the same cages, the same scmpnloos gIm* 
liness, the same duration dt exposure to the son's rays and under the 
same salubrious climate of Coonoor. In one senes of experiments ha 
took a community ^ rats and fed them on a well-balanced diet— 'V* 
diet similar to that eaten by certam races of Northern India, among 
wh(»n are to be found some of the finest physical specimens of 
mankind".* What was the result? Dnnng foe period of exper t - 

L Report on an ‘ InvMtigatlon into the Height, Weight Cheat and Abdo- 
minal Measureniaats ' of Lives Assured with the ‘ Oriental Life Ofloe ’ botwesa 
the years 1914 to UM fay LS-VahtyanathantMA., FXA, Deputy Actuary «f 
tha ^CManlal Life Oflioe* and P roftitirr ol ActurUl S Hw icap tha 
CottQQa ol and Bombay* 

A FtomaaattidebyMeGteiiseoon''Food. TheFoundatlooef BaaMa'* 
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mentation which extended over a period of three years there had been 
"do case of illness among these ratSi no deaths from natural causes in 
the adult stocky and but for a few accidental deaths, no infantile 
mortality Both climcally and at postmortem examina- 

tions they have been shown to be remarkably free from disease* 
Disease and death have been excluded almost completely by minute 
attention to three environmental conditions vtz,^ cleanliness, comfort 
and food'\^ In the other series of experiments he took different groups 
of rats and fed them on different kinds of diets winch were ill-balanced, 
or m other words, w'ere deficient or preponderating in one or more 
important constituents of food, faulty in one way or another, containing 
too much of one thing or too little of another. As McCamson 
wanted to learn how the foods eaten by the people of India are related 
to disease he took care to see that the materials of food which formed 
the various faulty dietaries given to rats under experimentation were 
Qsuolly those ordinarily used by the people of India. These were so 
combined as to form one sided dietaries disproportionately rich m 
starches and carbohydrates and lacking in certain elements and comp- 
lexes necessary for normal nutrition The results of these experiments 
were remarkable. Whereas the well-fed rats remained free from 
disease, the ill-fed rats showed the following morbid states both clim- 
cally and at postmortem examinations "Pneumonia and other diseases 
of the lungs , diseases of the nose and the passages leading from it ; 
diseases of the ear causing pus formation, adenoids, diseases of the eye 
which may lead to actual blindness , diseases of tlie stomach and the 
intestmes such as innamiiiation of the bowels and ulcers , stone m the 
bladder and kidney and inflammation of the bladder , premature birth 
of the young or their death m the mother's w omb , diseases of the skin 
such as loss of hair dermatitis and abscesses , anaemia , dropsy , enlarged 
glands , goitre , neuritis , ben-ben , disease of the heart And when 
other animals, such as guinea pigs, are improperly fed scurvy, decaying 
teeth, rickets or softening of the bones, colitis, dysentery and other 
diseases occur amongst them” ’ This shows that mankind in general 
suffers from one major dxsesise-^ Malnutrition — and that many of the 
maladies from which it suffers arise principally from this cause. 

McCarrison found also some other peculiarities in which the 
lU-fed rats differed from the well-fed ones viz , that the former were 
often nervous and irritable and if they lived together m colonies, the 
stronger preyed upon the weaker while the well-fed ones were placid, 
good-tempered and treu;table These experiments on rats on a large 
scale and extending over three years as well as experiments made on 
other species of animals v»s, guinea-pigs, rabbits, monkeys and 

1 From an article by McCarrison on 'Tood The Foundation of Health,** 

8 . BmL 
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pigaons ondoabtedly showed that keepizig all other factors the same and 
diangiog only one factor v%z , foodi the well-fed animals were practi- 
cally free from disease and ill fed animals suffered from diseases of 
many kinds It is reasonable therefore to assume that the human 
species would be no exception to this rule 

The question which naturally arises out of these considerations is 
whether it would be possible to keep children practically free from disease 
as McCamson was able to do in the case of animals The answer 
IS in the affirmative It has been shown by Miss Margaret McMillan 
of the Nursery Schools, London, that ailments acquired by children as 
a result of faulty nutrition could be got nd of by proper attention to 
their diet She writes in her book (The Nursery School 1930), "after 
the weakly and ill conditioned children have been nurtured and 
properly fed by her for three or four years they ore almost all cured of 
any ailments from which they may have suffered on their entrance to 
the school " The most important conclusion which McCarrison has 
reached from the numerous experiments made by him on different 
species of animals for a period extending over three years is that faulty 
feeding is the cause of so many defects one sees in the building of the 
body and of so many ailments one comes across in children and that 
disease and physical inefficiency in later life are to be traced to these 
defects consequent on faulty feeding. 

There are many factors affecting the health and physique of the 
industrial workers , of all these food plays the most important part 
The Royal Commission on Labour in India 1931 draws attention at 
many places in its report to the important question of physique and 
dietary and the part played by defects of dietary Writing about the 
cotton mill workers in Bombay it states that *the low grade of physique 
among these people is largely due to poor constitutions from birth and 
to a deficient diet' Writing about the cotton mill workers in Ahmed- 
abad it states that ‘the immigrants from Kathiawar, Rajputana and the 
United Provmces, who work in Ahmedabad, have a better physique 
than the local labour force, the variation again being due to differences 
m diet'. Writing about the Bengal Jute Mill workers it states that 
‘operatives from up country are usually sturdier than the Bengalis and 
evidence indicates that the emigrant from North India ordinarily 
resists mdustrial fatigue well, his diet and constitution standing him in 
good stead' Writing about the miners it states that 'the satisfactory 
physique of the Santals is attributed to a better dietary and to the fact 
that they return regularly, often every week-end, to their village 
homes'. While reviewing the health conditions of the chief groups of 
Indian industrial workers it states that "impaired physique and defec- 
tive diet are, however, features cpmmon to many and the severe hand)- 
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to industrial devdopmsnt which these iacton rapreaent demand 
attention from all concerned.” 

The following examples taken from McCay’a book^ show dearly 


tho relative productive capacity of the 

poorly-fed 

Indian and the 

better-fed English worker . — 

England 

India 

Oporativea per 1000 spmdles 

42 

28 

Operatives per 1000 looms 

43 

125 

Annual ontturn of yarn per operabve 

7736 lbs. 

4000 Ibe. 

Weekly outturn of cloth per operative 

767 yds 

240 yds 

Working hours per week 

55l 

80 

Working hours per year 

2775 

4120 


The above figures are pre-war figures. The working hours per 
week at the present day are 48 for England and 60 for India. 

The figures given by Arno S Pearse* when making a compara- 
tive statement between (l) a cotton mill in the Southern States of 
America and a first class cotton mill in Bombay both turning out the 
same kind of doth and (2) an up-to-date Bombay miU and an Oldham 
Mill of the same size, are recent and very illuminating . — 



America 

Bombay 

No of spindles 

23000 

25000 

No of looms 

800 

800 

Working hours per week 

60 

60 

No. of hands 

329 

970 

Production per man 

250 9 

81-6 


England 

Bombay 

Production per man per hour 

6-4 

3‘79 


In a statement made by the Ahmedabad Millowners* Association 
to the Tariff Board in 1926 the following facts were mentioned . 

" about the dose of the last century whereas an 

operative in Bombay worked on an average only 40 spindles, his con* 
temporary in Italy worked 80 spindles, m Alsace 100, m Switzerland 
and Bavaria 150 each, or approximately four times as many as an 
operative m Bombay The German operative worked during the same 
period 170 spindles approximately, whereas an operative m England 
on an average (m 1887 ) 333 spmdles, or over eight tunes as many as 
an operative in Bombay ( 1895 ). There can be no comparison what- 
soever between the spindles managed by a single girl operative in the 
U S. A. and those managed by an operative in Bombay. Bombay’s 

L ** The Protein Factor In Nutiitloo” hy MoCay (1911) 
i, " The Cotton Industry of India ” by Aao & Pearse (1930) 
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'40 ipindlea par opantiva' would appaar aa a drop m tha ooean bafoce 
Anwrican’s 896 to 1200 spindlas par oparattva.” 

Arno S Paarse in his Report on tha cotton Indnatry (rf India 
1930 gives the following fignres : speaking about Japan ha writoa, 
"Operativaa work as many machines as can be attended nnder fair con- 
ditions, actnally npto three sides of a spuming frame and 5'S looms par 
operative ( against one side and less than two looms in India 

Thongh the wage per operative is mnch lower in India than in 
En^and and Japan yet the cost of production in India is modi hitdwr 
than in Japan and England ; this is principally dne to the poor efficiency 
of the Indian operative , this again is dne^ among other causes, to his 
frail constitution which results from his unsound feeding, and living 
under msamtary conditions. In calculating the outturn of doth or yam 
per operative m different centres one has to consider the counts of yarn, 
the type of machine etc , it is, therefore, difficult to give comparative 
figures. But as regards the relative productive capacity of the Indian 
and English and Japanese operatives there are no two opiniona that tha 
output per operative m India is less than in England and Japan. 

If we now torn our attention to the yearly output of coal per man 
working in a coal mine which perhaps gives the best comparative testa 
of the capabilities of two classes of workers ( well-fed Europeans and 
ill-fad Bengalis ) we get the following figures * — 

England 300 tons. 

Germany 243 „ 

Bengal 80 » 

Tha physical oonditions were all m fovour of tha Bengali and yet 
tha result is an outturn barely 27% of that of tha European ( McCay ). 

If wa take the average outturn of bricks per day par man in 
Ahmedabad and compare it with that of tha old-fashiooad bnck-makar 
of tha United States of America wa get tha following figures . — 


Average outturn of bnck 

U. S. A. 

India 

a day per man 

450 

262 


Taka agam the case of a young Bhutia woman of 18 years of age; 
she is known to carry a load, of 200 lbs. over long distances and uphill 
tracts. To work 12 boors every day is not an nnsual thing to a Punjabi 
Agncnltorist.^ This capaaty for endurance and hard work depends 
largely, according to McCay, on the level of protem metabolism to which 
their food enables them to attam. The output of work m each case is 
in direct relation to physical efficiency whi^ again is a result of the 
eonstitation of food* 


VUsAppeadlsG 
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If the physical efficiency of a worker is, above all, a matter of 
constitution of his food as has been shown above and if the ontpnt of 
work is in direct relation to his physical effiaency it is not a matter of 
surprise that the output of our ill-fed Indian labourer is very small. 
If that is actually the case then what steps should be taken to 
increase his physical efficiency and consequently his output of work. 
Would the average Indian worker even if he possessed the means 
to provide himself with a diet which would satisfy his physiological 
needs actually spend his money on suitable food or know how to 
choose a well-balanced dietary? Very probably not McCarrison 
pats forward a most important suggestion m this connection which 
deserves the most careful consideration of our mdustrialists and the 
directors and owners of our textile mills and other big works. He 
suggests that 'where possible workers be provided daily as part of 
their earnings with a properly constituted meal or that they receive 
part payment in kind in the form of food-materials * The trouble 
involved m this would be more than repaid in the mcreased output of 
work. 

This proposal of providing a properly 'constituted meal' to mill 
operatives is no longer in deliberative or experimental stage in Japan 
It is gratifying to note that the mill authorities there supply food to 
practically all their workers , all food supplies could be had 20 to 30% 
cheaper at the mill stores than in the town. The description given by 
Arno S. Pearse in his report on the Cotton Industry of Japan and 
China (1929) about the dimng halls attached to the mills is worth noting 
by our miUowners here. "The dining halls are plain, specklessly 
clean, and the kitchens are like special factories The food is carefully 
selected accordmg to the latest Saentific caloric contents and supervis- 
ed by doctors 

The facts noted above show that stature, body weight, stamina, 
capacity for endurance and hard work, resistmg power against desease, 
physical effiaency, output of work, — all these depend upon the 
dietaries of the different classes and races of men. The output of 


1 The proposal of opening big communal kitchens in mill area for the 
labouring population where only smokeless fuel would be used was made by the 
author of this paper as one of the remedies to diminish the smoke nuisance in 
the dty due to domestic smoke at the Smoke Abatement Conference held in 
Ahmedabad under the Chainnanahip of the President of the AhmedabadMunici- 
pallty In 1931 It was gratifying to him to note that his proposal which was sup- 
posed to be Impracticable was not only anticipated but actually successfully 
followed in Japan by the MQl authorities there. It was equally gratifying to him 
to note that a similar proposal of providing meals to the workers in the mills 
was made by Major-Gen Sir McCarrison in the evidence he gave before the 
Royal Labour Conunlsaion in the year 1927 but from a different point of view 
vfc., to increase the physical effldency of the Indian workers, 
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work tha homan machine is closely related to the quality of food 
with which it IS provided. Does this mean that one has to spend 
more money to get better and more nutritious food 7 No, it is not 
80 the most essential thing is to know how to prepare a welUbaksnced 
diet. An ordinary dietary containing simple wholesome foods m the 
right proportion is far better and cheaper than a dietazy consisting of 
rich foods but which are not properly balanced. To understand this 
we must know the chemical composition and the biological values of 
the different food-stuffs that we eat and which are necessary for the 
physiological needs of the body 

Our body is made up of the following elements — 

Non-metallic elements Oxygeni Carbon, Hydrogen, NitrogeOi 
Phosphorus, Sulphur, Chlorine, Fluorine, Silicon 

Metallic elements — Calcium, Potassium, Sodium, Magnesium, 
Iron, Manganese 

These elements are combined together in various proportions 
to form the following groups of substances of which the body is com- 
posed 

Water — present m all tissues 

ScUts — present m all tissues 

Proteins are complex organic compounds which contain carbon, 
hydrogen, oxygen and nitrogen and sometimes sulphur, phosphorus 
and iron 

Fats are compounds of glycerme with fatty acids. 

Carbohydrcrtes are substances like starch, sugar or gum and con- 
tain carbon, hydrogen and oxygen, the latter two elements in the right 
proportion to form water , they are therefore called carbohydrates. 

For convenience of study the food principles may be further 
classified as follows 

Tissue formers & Body builders Work and heat producers. 

Proteins Proteins 

Salts Carbohydrates 

Water Fats 

The main function of animal life is oxidation. More oxygen is 
used than the weight of all solid foods. When air is inhaled oxygen 
which 18 present in it is abstracted by the haemoglobin (red colooring 
matter) of the blood m the capillaries of the lungs. Living in close 
rooms lowers the vitahty to an extent little dreamt of by many. 

We need food for two purposes . 

(1) to maintain our body heat and 

(2) to produce new calls and to make up for the wear axtd tear 
of our bodiiwi. 
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Food-materials are, theieforei divided into two principal 
(l) heat and energy prodocera and (2) body boildera and tiaaiia fdi>' 
mere. 

Girbohydrates, oils and fats are heat givers , 

Proteins, mineral salts and water sure body bailders. 

A complete classification of foods is shown in the diagram given 
below 


Foods 


Organic 


Nltrosenous 
(totems) (body 
buUdera pnncipally , 
also h^t givera) 


Non-nitrogenous 
(heat givers) 


Animal ^Meina 
Sources — 

(a) mOk & mDk products 

(b) meat, fish, fowl 


Vegetate Pro 
telns. 

Sources — 

(a) cereals wheat, 
rkx, pulse, millet 
etc. 

(b) legumes, peaa 
etc. 


Inorganic 
(Mlnerm salts) 
(body builders) 
Sources ^ 

(a) fruits 

(b) vegetables 

(c) 


Caibohydrates 
Sources — 

(^) starches 

(b) 


Oila and fats 


sugars 


Animal 
Sources — 

(a) animal fat 

[b) butter, ghee. 


Vegetable 

Sources 

(a) vegetable oBa 


All foods must be subjected to the following six tests in order to 
ascertam their relative value — 

1 The Physical Test — How much potential energy is the food 
capable of yielding ? 

2 The Chemical Test— What percentage of each nutritive prltk* 
ciple (protein, carbohydrate and fat) does the food oontam ? 

3 The Physiological Test — How does the food behave in the 
stomach and intestine ? 

4. The Biological Test— What vitamins and how much of each 
does the food contain ? 

5 The Economic Test — ^Are the natntive oonstitnents of the 
food obtained at a reasonable cost 7 

And shall we add also 

6. The Psychological Test— la the food palatable ? 

Lot 03 DOW examine these tests eoiiiewbat in detaiL 
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* " 

Th^ PhftM Ts$ti^Tbe fbod^stnfii U0t M aat dUto in tlMir 
power to prodnoe energy ; ihair *«)ergy-valae* varies ; it can be meaeV" 
ed m * calories*. A calorie is the amount of beat required to raise the 
temperatore of one kilogramme ( 2*2 pounds ) of water throogh one 
degree centigrade. One gramme of pnre protein and carbohydrate has 
each an energy value of 4 calories One gramme of fat has an energy 
value of 9 caloriea. According to McCarrison an Indian m prime 
of life requires each day from 2,500 to 3,500 calories according to the 
part of India m which he lives and the nature of work he has to do ; 
an Indian woman requires four-fifths of this amount, or from 2,100 to 
2,900 calories. 

The Chemtcal Test * — The following proportions of proteins, fats 
and carbohydrates m their diets are recommended for Indians living in 
different parts of India — 

North of India South, South-east and South west 

of India 

Proteins 90 to 100 grms 60 to 70 grms. 

Fats 80 to 90 „ 50 to 60 „ 

Carboh 3 ^rates 360 to 450 „ Snffcient to make the total 

Total calories 2,520 to 3,010 requirement of calories 

Again the proportion of animal protein should not be less tlian 
33% of the total protein m the diet and tint of animal fat not less than 
50% of the total fats in our diet Only when our dietary contains food 
stuffs which yield proteins, fats and carbohydrates in the proportions 
given above will it be said to be well balanced and to properly fulfil its 
function (Diagram 3) It is not enough to know that the protem, fat and 
carbohydrate are in the right proportion but it should also be seen that 
they are of the right kind. An ammal fed on gelatine (protein), olive 
oil (fat), and straw (carbohydrate), no matter how much of each is 
given, would not keep healthy and i\ould eventually meet with certain 
death for the food constituents ore not of the right kind 

What IS wanted is the right weight of the body according to the 
height and age of the individual, neither underweight nor overweight , 
that IS an indication of good health. Mens sana in corpore sano". 
Body and mind are so intimately related and act and react so much on 
each other that a sound mind naturally results from a sound body. 

The principal defects of Indian diet are (l) too little smtable 
proteins, (2) too little animal fat and (3) a large excess of carbohydrates. 
The best way to make up for deficiencies m the first two is to use 
plenty of milk and milk products and green leafy vegetables and frmts. 
Two examples of well balanced and two of badly-balanced diets, are 
given in the Appendix C which bric^ out the facts mentioned above very 
clearly , also an example of an average diet used in one of the local 
students’ hostds (Appendix D.) 
f? 
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Th4 Ph^ttoai T^t^Tbi^ food-tttdb m mt dUhr bi Odr 
power to prodooe eoargy ; tbeir Wrsjr valoe’ vanee ; it cube vamsta^ 
ed m ' cdones', A calone is the aaioont of heat required to raise the 
temperature of one kilogramme (22 pounds ) of water through one 
degree centigrade One gramme of pure protein and carbohydrate has 
each an energy value of 4 calories One gramme of fat has on energy 
value ci 9 cakmes. According to McCamson an Indian in prime 
of life requires eadi day from 2,500 to 3,500 calories according to the 
part of India in which he lives and the nature of work he has to do , 
an Indian woman requires four fifths of this amount, or from 2,100 to 
2,900 calories 

The Chemical Test — The following proportions of proteins, fats 
and carbohydrates in their diets are recommended for Indians living in 
different parts of India — 

North of India South, South east and South west 

of India 


Proteins 90 to 100 grms 
Fats 80 to 90 , 

Carbohydrates 360 to 450 , 
Total calories 2,520 to 3,010 


60 to 70 grms 
50 to 60 , 

Sufficient to moke the total 
requirement of calorics 


Again the proportion of animal protein should not be less than 
33% of the total protein m the diet and that of animal fat not less than 
50% of the total fats in our diet Only wlw n our dietary contains food 
stuffs which yield proteins, fats and carbohydrates in the proportions 
given above will it be said to be well balanced and to properly fulfil its 
function (Diagram 3) It is not enough to know that the protein, fat and 
carbohydrate are in the right proportion but it should also be seen that 
they are of the right kind An ammal fed on gelatine (protein), olive 
oil (fat), and straw (carbohydrate), no matter how much of each is 
given, would not keep healthy and would eventually meet with certain 
death for the food constituents ore not of the right kind 

What IS wanted is the right weight of the body according to the 
height and age of the individual neither underweight nor overweight , 
that IS an indication of good health Mens sana in coipore sano”. 
Body and mmd are so intimately related and act and react so much on 
each other that a sound mind naturally results from a sound body 
Ihe principal defects of Indian diet are (l) too little suitable 
proteins, (2) too little animal fat and (3) a large excess of carbohydrates 
The best way to make up for deficiencies in the first two is to use 
plenty of milk and milk products and green leafy vegetables and fruits 
Two examples of well balanced and two of badly balanced diets, are 
given in the Appendix C which bni^ out the facts mentioned above very 
clearly , also an example of an average diet used in one of the local 
students' hostels (Appendix D ) 
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The proporti(^ of titotelas, fats and earbobydiatea in soma of the 
important Indian food>st^ with their vitamin contents and fibaamootit 
of calories they y>oId are given in Appendix h. One can easily find ont 
from this table whether one's diet is well- or ill-faalanoed. 

The Phystologtcal Test, — The food to be digestible most be 
capaUe of being absorbed but it should also contain some rasidne of 
husks or fibres which would act as a ballast in the intestine. If a food 
IS cent percent digestible it would produce constipation. A tborootdi 
mastication of the food is also essential. Again it should be stated that 
it is not what a man eats that gives him strength bnt what he digests 
and assimilates. 

The Btologtcat Test — Over and above the proteins, fats, carbohy- 
drates, mineral salts and water we reqmre certam other substances in 
our food which are body builders and are essential to life , they are 
called vitamins , their absence or deficiency m food prevents growth of 
body, gives rise to certam diseases, known as deficiency diseases and 
ultimately produce death. They are present m such infimfesimally 
small quantities in the foods that only some of them have yet been 
seen or weighed.' They are hke a spark which ignites the fire of 
nntntion. They are all present in the foods which nature supplies ns 
for our use bnt we should see that we do not inadvertently spoil our 
foods by removing the vitamins from them or by killing the vitamins in 
tlMm before we eat them 

The law of growth of ammal life is that it must depend for its 
subsistence upon plant life Men and animals have not got a mechanism 
in their physical I^ies to make their own food as the plants do. They 
most have it prepared for them by the plants, directly or indirectly, for 
the plants are organisms endowed with a capacity for transmuting 
inorganic mmerals into organic ones and for manufacturing the most 
vital food-factors, the vitamins It is now well known how important 
these orgamc minerals and vitamins are not only for maidtauung the 
bodies bnt also for builduig them. 

The classical experiments carried out by Gowland Hopkins 
on two groups of rats conclusively prove the important part played by 
the vitamin A in the growth of ammals. The open curcles in diagram 
4 indicate rats fed on artificial milk (absence of vitamins), sobd black 
dots indicate rats fed on artificial milk plus a teaspoonful of natoxal 
milk containing the vitamin A. It will be seen from the diagram that 
the rats fed on artificial milk diet only were losing in weight and the 
other groap which was given a teaspoonfol of natnral milk atong with 
the artificial milk was gmning m weight , this went on till the 18tb day 
wben the experiment was reversed and the diets were exchanged sHtil 
t he resolt that thos e wfaicb were Idsing wetfit now began (o grow aod 

L Vide Appendix L 
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gdo IQ weight end thoea which wen incnuuig in weight now began 
to Ion wwfl^t spd grow langnid. Again a diet deficient in vibunin A 
cmes also mfli^tninatinn of the eye, Inogi, mteatmea, bladder etc ; the 
first of which may even end in total blindness m some cases. A dog 
aqflltrn^ from ophthalmia as the result of a diet deficient in vitamin A 
was cured m 10 days by the addition to his diet of 20 cc. of cod-liver 
od per day ( Stenlock, Nelson and Hart). An adequate supply of this 
vitamin causes not only growth but is one of Nature's surest safeguards 
against mfection from pathogemc bacteria. Vitamin A is slowly 
destroyed by cooking 

Experiments made on pigeons fed on polished rice and unpolished 
ricq Aowed a similar result The polished rice axe wanting u 
an important vitamm B which is present in the unpolished nee. 
Those fed on policed nee began to lose their appetite, became 
very thin, suffered from diarrhoea, got paralysis and died , but if to the 
pohdied rice were added the nee pohshmgs m tune then the tragedy 
was averted. A dog suffering from marked paralysis of hind legs os the 
result of a diet lacking m vitamm B was cored m a short time by 
supplying that vitamm in the form of tomato jmee (Cowgill and 
Mepdel ). 

Experunents by Gowland Hopkins on two groups of eight rats. 

SoUd blach dots—artificial milk -h 3 cc. fresh natural milk 

( a small teaspoonful ) 

Open circlea— «rtificial milk only. ( B asa l diet ) 


Diagram 4. 
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It was noticed that sailors nsed to snffinr from a dlssaae called 
scnrvy dnniig long voyages when tiiey could not gist fiadi vagetablaa 
and fmits to eat. In this disease the gnma become sore and Meed, 
the legs swell and pain , this is prevented or those anffenng from tiiis 
disease recover if they are given the juice of lemons. This la becanae 
green leaves, vegetables and frnits contam another vitamm called C. 
This vitamin is killed by cooking, storing and turning. 

Rickets, a disease of darkness and civilisation, is another malady 
known to be associated with food which is wanting m vitamm D, 
which IS usually present in milk, butter, eggs or cod-hver oiL A child 
Iivii« in a dark and gloomy house, who does not get enough milk or 
who is fed on milk from a cow that has been kept m a dark stable 
contracts this disease. But if the child hves m open snnli^t, or the 
milk and cow are exposed to suffiaent sunlight, or subjected to ultra- 
videt rays then the disease does not occur. The story of the dis- 
covery of the Vitamin D is most fascinating. It has broufldit 
out most clearly the cor-relation between darkness and disease. The 
natural method of procuring Vitamm D is to eat foods containing 
eigostend which is fortunately very widely distributed m all kinds of 
natural food-stuffs and than to have this activated m the skm by tim 
ultra-violet rajrs of the sun. The understanding of the mechanism of the 
formation of Vitamin D has bronght mto prominence the health 
giving properties of sun-light and the important part played by the skm, 
—a vital organ of the body as a reservoir of light to hnman waUaie. 
Anythmg whidi prevents the direct access of sunlight to skm sudi as a 
cloody atmosphere, smoke pollution of the an:, clothes, indoor life, 
mwftnH so much loss to health and pbjrsical effiaency. The rationale 
of hg^t clothing and open-air life will thus be evident 

It IS impossible to wnte all abont this mteresting and important 
subject m a short article like this. I would strougly recommend thpn 
mterested m this subject and who are anxious to prepare their dietanea 
on ri(d>t hnea to read the excellent little booklet by Major-Gon. Sir 
McCamaon on Food which conld be had for the trifling pnoa of 
As. 12/- only but which is worth its weight m gold. 

The Economtc Test —A lunch of bread and ftkim milk at 2 
yields as many calories (i. e. heat and energy) as a lunch of aonp^ beef, 
potatoes, tnrnips, bread, batter, milk and sugar m coflbe at 8 ft""— ; it 
IS therefore more economical as it la 4 times cheaper. 

Of all the foods milk is the ideal food and of all the milks mother's 
mOk is the best for an infant The health of an «"*»"♦ depends so 
modi on its mother's milk and the qnabty of the mdk depends so 
much on the food the mother takes that too much attention gft""«^ be 
given to her diet which ahonld be properly balanced. Snppoee flie 
diet of the mother is deficient in cddnm, phosphates and vitamlat 
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idiidi on eMSDttal for tbs fonoAtion of tsefh and bonaa, her milk wiO 
alio be deficient in these salts and vitamins ; now if the infimt is fed 
on such a milk there u no wonder that it will suffer from ncksts or 
that its teeth will be bad ; with soch a handicap from the very beguminf 
it will have less resiBtmg power against disease, and will, therefore, 
practically be a weaklu^ incapable of canying on the ordinary duties 
of life. How far reaching the results of a well- or dl-b ala n o ed diet are 
is evident from the above example. Agam an infimt is likely to suffer 
from aiwMTiltt if fad exclnaively on milk diet for more than six months 
for milk is deficient m iron and deficiency m iron leads to impoverish- 
ment of the blood and check in growth. 

The beat form m which milk shonld be taken m oar coontry is in 
the form of soar milk, cords etc. when one is not abaolntely sore of 
the parity of the fresh milk Whole wheat and anpoliahed rice are 
always to be preferred to white floor and polished nee. Tea and coflee 
have no food valaes ( vide appendix B }. 

Of the combinations bread and milk and bread and apple, milk 
was foand to be superior to apple as a natritional sapplement of bread, 
for of two rats ( twm sisters ) of equal size and equally healthy and 
vigorous at weaning time the one fed on bread and milk grew to five 
tunes the mitial wei^t while the other fed on bread and apple remam- 
ed atationaiy ( Sherman, Rouse, Allen and Woods 1921 ). 

Of the cmnbinations bread and milk, bread and batter and bread 
and meat the first was found to be superior to the other two from the 
pomt of view of growth. 

Attention is drawn here to the importance of the use of the Sqya 
bean as a vary nutritious article of food m our conntty where the bolk of 
people do not ase animal fixxL In one ounce of the Soya been we get 
9’6 grms. of proteins, 4 9 grma of fiat and 9*5 grms of carbohydrates. 
It also oontams three vitamins A, B, and D and its proteins have a 
relabvely high "biological value." In bet from the study of the pro- 
perties of the Soya bean it is expected to be a cheap and valuable sub- 
stitate for meat, milk, egg and cod-hver oiL Soya bean crop is exten- 
sively grown m China and is used m varioas ways m human nntrition 
in China and J^ian. It is very necessary that sudi an article of fiiod 
should be prodooed^ cm a very large scale m oar country and supplied 
very cheap to the people and its use popularised.* 

The fiuits given above show what an unportant subject the subject 
of nutntion is ; how vitally it is connected with questions of health and 
disesae, of physical and industrial efficiency and output of work, and 


1, ItisgratUying to note diet e xp e rlnie ute carried out In SlndbPooaa 
etc, shew that the So^ bean can be eaccessfuHy grown in our ceuntty. 

2. For furdier Infocmativi rs^tdlof the and nsss of tbs 

Soya ban vUa AppondioM F, G and H. 
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with tbo bU unportapt qnestioo of prgdacinr vwiow tjppM gf tbe hnnuio 
race. ”4# kwvMgt mth n^ard to tk$ of food npon ftwi 

tnonaau, tt m more than aoncetvablo that rao$$ th^finf avfiit thorn- 
aelveoof tho new valuta of nutrition ma^fdtonase the handicap of 
diseaae, lengthen thar livee and to become the leadere of the fdure”. 
( Food and Race, by Victor lleiser. Foreign Afiiurs, VoL VI. 
Page 427.) 

If India is to become a strong and virile nation then it is the duty 
of Government, Municipalities, Educational and other public bodies 
and the leaders and panchayats of every community to see that no boy 
or girl leaves the school without getting an adequate knowledge of the 
important subject of dietetics and that no section of the public is with* 
out cheap and saentific dietaries suitable to its taste, purse and need. 

In the preparation of this article I have drawn upon freely from 
books and journals treatug of food and vitamins. To the authors of 
all these papers I desire to express my thanks. To Major*General 
Sit McCamson and Prmapal G. Findly Shirtaa my special thanks are 
due for placing at my disposal a good many materials on the subject. 
I am again grateful to Major-Gen. Sir McCamson and Messrs. Mac- 
millan and Cq.! Madras, for permitting me to reprmt diagrams 1,2 and 3. 

APPENDIX A.* 

Sikh Diet. 

(As given to the rats — Diagrams 1 and 2.) 

Whole wheat chapatia. 

Green vegetahles in plenty. 

Batter. 

Sprouted gram. 

Fresh milk in plenty. 

Occasionally meat 

MADBAsgi Diet. 

( As given to the rats — Diagrams 1 and 2. ) 

Rice. 

A small quantity of dhal and vegetables. 

A small quantity d ^bee. 

Tamarind water. 

Little buttermilk. 

Betel nuts. 


* TUsehomtheSikhaadMadiasaldleteonwlddidienteaffnfld by 

MteCurisea in the dassicBl experiment duKrllied on pipi 2^ 
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Afpbhsiz B.* 


Broteina, fata and urbohydntaa in Brammes per onnoeb calone- 
valna and vitamin content of common food materials need m India v*- 
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Food-ftttffi. 


Siijnri dMd SiM'diM 
l^te Sugar 
Brown Sqi^ 

Goor or Jaggery 
Honey 
Ttpioea 
Sago 

Si^arCane 

Cirml Grabtt A Brtad 
Wheat_UtbO 
White ioour 
Unpolished Rice 
WmM Rice 
Pdlabed Rice 
Parboiled Rke 
RagI or Bajii 
Cambu 

Chnltn 


Barley 

297 


Oat-meal 

3 37 

2-43 

Maise (ycUow) 

213 


White Bread 

200 

003 

Soil or Semolina 

400 

0-68 

Rice Poliahiiigs 

e 


ABeam 



Ftesh broad beans 

2-661 

on 

Fresh Ftonch beans 

054 

0-03 

Peas (d^) 

185 

017 

Dhala 

6-50 1 

0-99 

Grams 

6-70; 

■1^ 

Soya Bean 

9-60 
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Almonds 

5-26 

15-96 

Coooanut 

101 

1431 

Groundnut 

730 

1092 

Walnut 

385 

19-92 

Other Nuts , 

600 

16-50 

TJfifeKwl 

6-40 

950 


113 0 

108 0 
100 0 
81 Vi. 
100 0 
07 0 

28 


TVfrff ONd AmT l^gMaNcr 
Potato 0-7D 

Beetroot 034 

Cdefy 0 17 

Onlona 037 

Garlic 192 

Carrots 025 

Leeks 0 71 

Parsnips 0 48 

Radiabes 0*28 | 003 

Tnmipa 004 

Yams 0-Bl 

Fleshy roots (Taro) 0*50 I 006 



Vitamins. 


B C 


















^fifrvncs: Foop and race 



GrmLKfiV^gMUi 
Bnutni^vouti 


Cabbage 

Lettuce 


0<06 1-61 11 
030 O'Oa 127 7 

0-31 0^ 0-54 4 

051 04)6 0-82 6 

110 017 1-7B 13 


O09rVtgtiabki 
Tcanatoes 
RhulMrb 


Cauliflower 
BhendJ (Ladlea 


Knol-klKfl 

Artkh^ 

Aaparagoa 

Petal 


Aeifl Awtfs (Md Bmm 
Applet 0-00 

Baoanaa or Flaotaint 045 
Grapee 0*17 

Lenioiia 0*14 

Oraogea 0*26 

Peart 0-09 

Pomegranatea 0*18 

Peachea 0-19 

Pineapple Oil 

Watermelona 0 11 

Papaya 0-16 

Lichee 0-84 

Mango 0-04 

Giurru 0-37 

DrkdMH 

Aprloota 156 

Cumnta 048 

Datea 045 

Ftaa 0-56 

Prunea 0 85 

RalBlna 
Tamarind 



3-03 
088 
269 
229 
019 

04)3 2-66 I 12 

0-09 275) 12 

0*06 1-9(1 I 9 


0*07 1 90 12 

0*22 5-20 23 

0-20 227 12 


009 14-04 63 

009 1189 50 

003 19-73 81 

0-14 1599 67 

0-09 1143 60 

009 17-32 73 

8-89 37 


Jama 

Mannalade 


Treacle 

Condenaed MOc 

InS^fooda (Tinned) 

Tea 

Oo«ep 


1981 79 

1941 78 

1605 68 

2-36 15-31 92 

0-11 1 13 7 

241 1783 m 

0-93 2166 109 

12-00 
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Three Croseee ( t t t ) mean ‘ rich in ' , 

Two Crosses (ft) mean ‘ moderately ridi in * . 

One Cross ( f ) means ' some ’ or ' poor m ' 

0 means ‘ none ’ 

V.L. means * very bttle * 

A blank space in the columns nnder ' vitamins’ means that the 
vitamm-content has not been estimated , 

Calories are given m ronnd numbers , 

One onnce equals 28*3 grammes. 


APPENDIX C 


Examples of wM-b(danced dtels 
1. Panjabi Agricnltnnst * 



Quanbty 
in OZ8. 

In grammes. 

Proteins. 1 

Fats. 

Carbohy* 

drates. 

Atta (Whole wheat flonr) 


20 

7800 

10*80 

407 00 

Dbal 


1 

650 

0*99 

16 20 

Vegetables 


10 

310 

060 

5*40 

Sugar 


2 

0-16 

ees 

50 00 

Curds 


4 

560 

400 

3*20 

Batter 


2i 

• a 

5770 

, 

Milk 


20 

18 80 

2040 

27*20 

Battermilk 

v«e 

40 

3400 

560 

5440 

Total 


• 99 

146*16 

100 09 

563*40 

Animal origin 

ess 

9 

5840 

87*70 1 

9 • 

Less 10?& for waste 

ess 

• e 

1461 

10*00 

56*34 

Balance 

• ee 

ese 

131*55 

90*09 

506*06 

Calories 

ate 

e«« 

5394 

837*8 

2074*8 


Total Calones ... ronacl nambers 3452 


* rmm tlin mptirt nf thti nriiltnrs hnfitrti thtt ftnysl I shrnir r nm i n t ss lmi 
by Maia^Geael■l Sb liloCatiMeo. 
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2. Cartein races of Morttem Indfab* 



Quantity 
m Ozs. 

Ingrammea. 

Proteins. 

Fats. 

Carbo- 

hydrates. 

Caksiee. 

Atta 


12 

46 80 

6*48 

244*2 

1222 


6 

13*10 

0-51 

133*8 

595 


« 9 

2 


3*96 

00 

84 

Milk 


20 


20 40 

27*2 

360 

Vegetable oil 

• e • 

1 



0*0 

252 

GhM 

• 99 

1'5 


34 60 

0*0 

312 

Root vegetables 

• 99 

8 



31*8 

148 

Cabbage 


8 

3*10 

0 24 

10*2 

56 

Maogo 

• 

4 

016 

0 88 

20*8 

92 

Dhal 

• •• 

1 


0 99 

16*2 

100 



63-5 

105*50 

94*42 

484*2 

3221 

Les 10?^ for waste 

63 

10*50 

9*64 

484 

322 

Total 


57-2 

95*00 

86*78 

435*8 

2899 


APPENDIX C. (continued). 
Examples qf badly bahmced diets* 
1. The poor Hindu fomily dwt. 



In grammes. 

Quantity 
m Ozs. 

Proteins. 

Fats. 

Carbo- 

hydrates 

1 

Calories. 

Pdliahed noe 

ee« 

210 

3760 

270 


2373 

Dhal 

• •• 

0*7 

4*50 

0*70 

■uSm 

70 

Block gram 


0*7 

400 

090 

107 

67 

Vegetable oil 

• • 

0*1 

000 

280 

0*0 

25 

Vegetables 

999 

20 

1 10 



36 

Meat or fish 

• •• 

0*06 

040 



2 

Coconut 

99 9 

005 

0*08 


11 

10 



24 61 

4768 



2583 


waste 

240 

4*76 
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22*21 



520*2 

2325 

1 


* Flm”Food"bgrMcCsnlaon. 

































jotnwAL OF mt tHlMm 


This diet ooiltttbk tdO Uftte paMOa, fell at Whkh ii of vegebdile 
onglo, &r too little Ceitt too moch carbohydrate and not enough calorlee. 
It 18 dangeroasly low in all the vitamina, eBpedally A and B and it is 
deficient in salts notably of calcnnn, phosphoms and iron. The hunily 
living on this diet were of low vitahty, incapable of SDBtained hard 
work and prone to bowel oomplomts. 


2. The well-to-do Hindn family diet. (Sooth Indio}.* 



^ ■ ■ ■ p ■ ■■.. 

In grammes. 

Quantity 
in Ozs. 

Proteins 

Fats. 

Carbo-hy- 

drates. 

Galoriofe. 

Pdiahed rice 

ee 

23-0 

41*2 

30 

6000 

2599 

DM 

•ae 

1-2 

7-8 

1-2 

194 

120 

Griitt 

• so 

1-9 

10-8 

2-5 

290 

182 

Vegetable oils 

see 

1-2 

OO 

33-6 

OO 

302 

Ghee 

sesi 

04 

OO 

9-2 

OO 

83 

Cords 

■ •a 

90 

126 

90 

1 

7*2 

162 

Vegetables 

• se 

60 

20 

0-5 

8-6 

48 

Cooaanot 

• •• 

20 

3-2 

280 

15’8 

•334 

Sogfer 

• ee 

10 

OO 

OO 

250 

100 

Milk 

• •• 

70 

65 

71 

9-5 

126 



S2'7 

84-1 

947 

7145 

4056 

Less 10% for waste 

52 

84 

94 

714 

405 



47'S 

75-7 

85'3 

6434 

3651 


This diet is too poor in anunal protein and ammal fat, too tidi in 
carbohydrates and too hi^ in calories. It shonld be odjosted by 
ndaang the amoont of noe eaten, by enbetitatiiig wipniiriMiil for 
pJtetiiiH nee and by inereasmg the amoont of milk, milk-prodaeti^ 
green leafy vegetaUea and frbits. 

* 


Freo "Food” by tfcCaiifMa. 
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APPgtibik D; 


Enmpla of aa average Diet tiaed at tbe Kadmi Patidai VidjWthi- 
Bhavaiif Ahmedabod. 


Food Stuff. 

Quantity 
b Ozs. 

Proteins 
in grams. 

Fats in 
grams. 

Carbohy- 
drates m 
grams. 

Cabciea. 

Wheat 

sen 

7*26 

28*33 

3*92 

147*84 

741 03 

Rios 

ft 

5-09 

11*52 

0*42 

111*74 

495 99 

Pnlss 


3*51 

2281 

347 

56*86 

351*00 

Ghee 

• ft ft 

1*14 

0-00 

26 33 


237*12 

Treacle 

• •e 

0*60 

004 

000 


60*80 

Oil 

ftftft 

0 80 

0*00 

2245 


202*10 

Milk 

ft ft ft 

8 23 

IMl 

17 94 

10 20 

246*90 

Vegetables 

ftte 

5*85 

409 

0*23 

47*67 

210*60 

Sonr Mflk 

ft ft 

0*20 

170 

0*20 

0*27 

2*04 

Total 

■ «e 

1 32*68 

79*60 

74*96 

389*78 

2547*58 

Animal origin 

ft ft ft 


13*00 ! 

44 27 



Less 10% for waste 


7*96 

7*49 

i8*97 

254*75 

Balanne 



71*64 

67*47 

350*81 

2292*83 


Tbia diet contains 26% lass in total protaina^ 50% leas in anunal 
proteiosk 21% leas in total &its, 12% less m carbohydratae and 16% leas 
In oakinas. (Vide p 249). 


To make it a well>balanced diet more of milk and milk prodnets 
and green leafy vegetables should be taken. 

(The fignres given above were kindly supplied to me by my stn- 
dents Messrs. B. H. Patel and P. B. Patel to whom my ameers thanks 
aredne.) 


APPENDIX E. 

Re : Soya bean* 

The composition of 'Soya flour* and 'Soya milk’ as compared with 
rice and wheat and milk is as follows 



Soya Flour 

Soya Milk 

Milk 

Wheat 

Rice 

Protem% 

42*0 

5*76 

3*50 

12*2 

8*0 

Faf% 

Carbo- 

20*0 

2*46 

3*50 

1*7 

2*0 

hydrates% 

24*0 

1*40 

5*25 

73*? 

77*0 

Water% 

9*0 

••• 


10*6 

12*0 

Cakiries 

2*165 

• ee 

• •a 

1750 

1720 

Ash 

■ te 

0*84 

0*75 

• •• 

see 


nau ••e vo-r ••• 

The iah of aoyd bean contains 6*12 per cent of "^**«»* and 28*66 
oebt of tdtoBpboric add. 


* FramalsttarbyMa)ar<SenenlStrMeCwlioik 
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APPENDIX F. 

I7sm qfthe Soya-Bean.* 

For very many centuries the cultivation of aaya beans, both in 
China and Japan, has been of the greatest importance to tbooo 
countries, where they are put to a variety of uses : — 

{ft) As a foodstuff they are made mto — 

1. Bean sauce or spy, called in Japan " shpyu ” ( whence the 
name “ soya ” ) and in China, chiang-yu. It is made by boil- 
ing the beans adding an equal quantity of wheat or barley, and 
leaving the mass to ferment , a layer of salt and three times 
as much water as beans ore afterwards put in, when the liquid 
is pressed and stramed. 

Z The Chinese paste chiang — not the same article of diet as the 
Japanese paste nuso. It is made by farmers and eaten with 
fish, meat and vegetables, while the more expensive Chmese 
soy is only made by the well-to-do and restanrant keepers, 
and IS not consumed by the poor. 

3. Tou-fu, or beancurd, made from green or yellow beans, the 
former giving a better yield by being poorer in quality. 

(6) The beans are also consumed as a table vegetable and m 
soups, and m Japan are used m confectionery. 

(c) The oil IS used as a substitute for lard m cooking. But even 
m these places, the centres of its origin, neither the soya bean itself nor 
the meal derived from it, has been used altogether as a staple article of 
food ; it 13 the spices prepared from the soya bean which have found so 
extensive a use m these countries, and more especudly m Japan, where 
they are eaten almost with every meal 

The flavour of the soya spice is obtained by injecting mildew 
fungus mto the par-boiled beans, and leaving them m a moist condition 
at a temperature of from 20*^ to 25*^ centigrade, letbng them ferment for 
months, even for years, before being used It is then only that the 
savoury soya flavour is folly attamed and made to render service as a 
popular article of food never found wantmg in a Japanese household. 
Furthermore, many fermented products of the soya beans prepared m 
various ways, have long been consumed in the two countries 
such as “ miso ", the estimated average consumption of which m Japan 
alone may be stated at 40 grammes per bead daily, “ tofu ", *' natto " 
( two different kmds of cheese ), as well as the soya milk and soya 
sauce. Of the latter Japan annually produces 700,000,000 litres of 
which every Japan ese consumes on an average -iv btre daily. 

* This note VBS kindly prqiaied by MajorOeneral Sir MoCanisaa who had 
advocited as eariy as 1927 in Us evldmce before the Royal Labour Cemnisrfoo 
tbs use of the Soya bean, 
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All these pnxiacts are obtained by fermentatioQ, thus improving 
their digestibility — which la not alwas^ characteristic of legames— 'ywld- 
ing an important supply of protein so necessary for human diet. The 
soya bean is one of the few seeds containing the three vitamins A, B| 
and D which are indispensable in a staple food consumed by mankind 
and necessary also in food for cattle 

The fat contents vary according to the various methods employed 
in extracting the oiI| and are said to average 6 per cent. 

APPENDIX G. 

Uses of the Soya Bean^ 

It has been shown (J H Prentice, R. G. Baskett and G. S. 
Robertson } that the Soya bean plus mineral mixture bring about the 
beneficial effect on growth, maturity, egg production and mortahty of 
chicks almost to the same extent as milk* 

The Soya bean is rich in valuable nutritive ingredients tus., pro- 
teins and fat Starch is practically absent. It is also rich m mineral 
matter especially in soluble phosphates and potash. 

It contains the ferment diastase in considerable quantities. It also 
contains uralytic ferment which is an important factor in pfaysiokgical 
chemistry 

The biological value of the Soya bean protein is very high. It 
contains almost all the important amino-acids, particularly Glycine and 
tryptophane and lycine. In fact the protein of the Soya bean is very 
similar to that of cow's milk and animal muscles. 

The Soya bean contains leathin more than any other plant and 
therefore could be used for cure of nervous diseases. The lecithin of 
the Soya bean is, according to Dr. J. Freud, identical with that in 
egg yolk. The Soya bean contains three vitamins A. B. and D. 


The Soya bean crop is extensively grown in China and is used in 
various ways m human nutrition. The young pods are used as green 
vegetables , seeds are used as vegetables Sometimes they are allowed 
to sprout and sprouted grams make an excellent vegetable of high nutri- 
tive value. Their milk supply comes from Soya bean seeds which are 
soaked ovemi^t m water and the juice of soaked seed is then pressed 
out That 18 their milk, which tastes as cow's milk, is used for drink- 
ing In tea, for curds, butter milk, cheese etc. 

In the course of human nutrition, especially amongst vagetarkn 
India, the Spya bean is expected to play a very important part, if intro- 

* Extract fnxn a letter from the UvaetodiBipert to Govenineiit, Bombay 
PieridiiKy, Pdona. 
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Aa^ It can be need u the aame way as other polsesa'e. g,t as green 
vegetable (green seeds )• dali Bhajis# Sev, Papads and varioos other 
p^parations. It can bo allowed to spront Sprouted grains can noake 
excellent y^table. 1 can say that the Soya bean can be singled ant 
as the best poise so far known. 

The best vanety from the feeding point of view is one which 
contains the greatest fat percentage vis., large yellow nuunmoth. 

APPENDIX H. 

It la jrttihrlog to the author of this i^per to note that a lecture given by 
him on **DletetlcB Food and Race” at Baroda on 7th October 1933, at which 
a State Offlcer In chuge oi Food Stuffs presided and In which the lecturer 
emphaalsed the high nutritive value of So^ bean as a food stuff, recommend- 
ed Its extensive use among the people end urged upon the State autborltias the 
Ifflportanoe of growing It m their State, has led to the introduction of the Soya 
Bean culttvatlDa In the Baroda territoriei. Hla Highness the Gtdcwar of 
Biroda performed the ceremony of planting the Soya omn In January 1934. 

That a Soya bean Restaurant was run In the H O H. Fete in Bombay 
where a nomber of preparations made from Soya bean were seraed aogun 
well for the future of this Important food stuff 

APPENDIX L 

The ptogrs M made durliu the last few years In dncidstiDg die composl- 
tloo and coDsUtutiQn of the three v!tamiDB-A,-C and^D and the mastering of 
the technique employed in their commerciii preparation is most rems^blei 

The isolation of one full pound of pure cryMalUne aacorbic add by S»nt- 
Gybrd from Hungarian capsicum (cayenne pepper), its ideotlflcstion with 
vraioiin-C, the ducldstion of Its constitution by the Haworth school and Its 
synthesis by Haworth and Hint (4tb August 1933) read IDce a fairy tale. 

Vitamin D la now commeidally manufactured and costs one*elglith Its 
price in cod liver oil This vitamin Is most powerful In its activity— ^me part 
b two thousand millions exeru a recognlsabh effect on rat. 

Unlike vlUmlns-C and-D, vltomin-A has not yet been prepored quite pure 
and in crystalline form. 

The table* given below glvea the composition of the three vitamins-A,-C 
and-D, their chemical nature, their daily human requirements^ their physiologi- 
cal activity and the nature of their effect 


CampouuL 

Daily human 
requirement 

Dilutfon which gives 
detectable physMogt 
cal effects. 

Nature effect 

Vttamia-A 

(C»HmO) 

ud 

CtroteiM 

(C«HmO) 

0875 mgm. 

lAOO mgm. 

1 ia64il0' 

1 la 32x10* 

Groiwtb -antl>lafee> 
tire. Malntaaaaoa d 
normal atmcture and 
functhm of aracona 

VitaaiaC 
( Aaoorbk uld ) 
(CcHeOi). 

« 

40 mgm. 
to 

80 mgm 

llaUxlO* 


VitamIn*D 

(Calciferol) 

(C«iH« 40 ) 

0.26 mgm 

B 



* ** Biodi s mi stry and the Manufacture of Fine Chemicals* by F. & Ctor. 
(9-M4) Ptgem.] 
















IMPORTANCE OF DIALYSIS IN THE 
STUDY OF COLLOIDS. 

By 

a N. DBSAI 
WtlaoH Cotttge. 

Dialysis has been utilised since the tune of Graham for freeing a 
colloidal solntion from the imparities necessarily rntrodnoed mto it at 
the time of its preparation, via., the pephsmg agent and the other 
electrolytes famed as a result of double decomposition. The impor- 
tance of the influence of dialysis on the vanous properties of colloidal 
solutions has, however, not been generally realised by colloid chemists. 
In what follows (l) a summaiy ot the results obtained in our laboratoty 
on the variation of the difihrent properties of some colloidal solntiona 
on dialysing them to different extents is presented and (2) the views 
expressed in previoua papers are considered from the point of view of 
changes in charge as observed by measonng the catapboretic speed of 
colloidal solutions under varying condibona. 

(a) Kttuhcs coagulahon. 

2. According to Smoluchowski the rate of coagulation of a ooUmd 
in the sensitive range of electrolyte concentration is a sunple reaction 
and the equation for rapid coagulation has the form 

J 1_ 

4rDrPo 

where 0 is the specific coagulation time, K the velocity constant, 
the number of particles at the beginning, r the radius of the sphere of 
attractxm round each discharged particle and D the diffusion oo^cienb 
He has distinguished slow coagulation from the rapid by the fact that 
in the former case all the encounters between the miwiwiliy ate not 
effective^ bnt only a proportion which d^iends upon electrolyte conceo- 
tration. Thus the expression for slow ooaguktiQn aocorduig to him 
will be 

$^m -L- ^ ^ 

KiVo DrutiS 

where x is the fraction by which K, the velocity constant for rapid 
coagolation, must be mnlttplied. If this theory is oorrect, one sboold 
beoUe to pass froma oaegalabon veloaty curve of rapid coagaktioo to 
001 of slow coagulation at a lower electiolyta ooooentiation fay multlp 
Ijyjpg tfae ^ f fay a certam namsncal CactxMb *. a. ^ qmcvop o( 
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coagulation velocity mnst be related to one another. Several workers 
have found that the view of v. Smolachowski is correct (for references 
see Desai, Trans. Faxaday Soc., 24, 181, 1928; Patel and Desai# 
tbtd., 26, 128, 1930; Deaai, Kolloidchem. Beih., 26, 357, 1928). 

3. It has however been shown by other investigators ( for refer- 
ences see papers of Desai quoted m Para. 2 ) that the rate of coagula- 
tion of a colloid over the sensitive range of electrolyte concentration is 
not a simple reaction as postulated by v. Smoluchowski and that the 
rate of slow coagulation has an anto-catalytic character and the react- 
ion velocity can be represented by an equation of the form 

at 

where K and b are constants and x the amount of change m time f . 

4. The widespread opinion, first put forward by Hardy ( Proc. 
Roy. Soc., 66, 110, 1900 ) that coagulation begins only when colloidal 
particles are completely discharged and the iso-electnc point is reach- 
ed, has boon found to be erroneous by Fowls ( 2^it. f. physik. Cheaue. 
89, 186, 1915 ) According to him ooagulation begins as soon as the 
electro-kmetic potential or the electric charge falls below a certain ab- 
solute value. This value of the electro-kmetic potential, at which 
coagulation first begins, has been termed by Freundlich the "first 
critical potential " and is said to have the same characteristic value 
for any particnlar sol when coagulated with salts having coagulating 
ions of different valencies The experiments of Burton ( PhiL Mag., 
17, 583, 1909 ), Kniyt Roodvoets and van der Willigen ( Fourth 
Colloid Symposium, 1926, pp. 304 310) and Kruyt and van der 
Willigen ( Z. phyaikal Chem, 130, 170, 1927 } have shown that their 
results also support Powis' theory of critical potential 

5. Freundlich ( Colloid and Capillary Chemistry Eng. Transla- 
tion — 1926, pp. 431-447 ) has utilised the existence of the first critical 
potential to explain the phenomenon of slow coagulation According to 
bun slow coagulation begins when the first critical potential value is 
reached The slow coagulation passes into rapid coagulation when the 
value of the potential difference becomes zero or the iso-electnc point 
is reached ( Freondlich’s second cntical potential }. In die region of 
alow coagulation as the particles are still charged, only those coHisums 
are successful m bringing about coalescence in which the velocity of 
the particles exceeds a certain value. After the iso-electnc point is 
reached all the collisions will be successful although the veloaty with 
which the particles move might be very small in some cases, becaose 
there will be no repulsive forces between the particles. 

6. Recently Mokherjee and co-workers ( J. Indian Chem. Soc;, 4 
493, 1927 ; 5,697, 1928; Nature. 122, 960, 1928; Special Number of 
the Journal of the Indian Chemical Soc., 1933, p. 201 ) have expressed 
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doabti sboat the ezutenoo of cntical potential dumctaristie of 
ooognlation of a colloid by electrolytes. It should be stated that fliair 
coaclnaion is based on results nxwt of which have been taken with 
mixtures of electrolytes and non-electrolytes os well as with electroly- 
tes containing organic anions and mudi credence cannot be given to their 
conclusioDS. The charge on colloidal particles of a sd can be varied by 
diatigiiig the amount of the peptising agent in the sol. In our labora- 
tory we have prepared colloidal solutions of feme hydroxide and 
thorium hydroxide having different initial charge on the partidea by 
dialysing the sols to different extents and studied coagulation in the 
presence of HCl, HiSO^KCI, K 1 SO 4 , MgCli and MgS 04 . Details of 
these measurements will be published in due course (BN. Desai and 
S. K. Borkar on Feme Hydroxide and B N. Desai and A. K. Desai 
on Thorium Hydroxide ) In the case of colloidal ferric hydroxide, the 
sol begms to coagulate in all the cases when the cataphoretic speed of 
colloidal particles is reduced to 25-29 although the two samples of the 
sol tried had different initial cataphoretic speeds— 38 and 54. Similar- 
ly the two samples of thorium hydroxide sol having mitial cataphoretic 
speed of 33 and 25 begin to coagulate when the cataphoretic speed ol 
the particles is reduced to 19-21 in the former and 16-17 in the latter 
case. Differences in the value of the cntical charge in individnal cases 
can be easily understood if the preferential adsorption ( the word pre- 
ferential indicating that the ion is adsorbed in the inner sheet of the 
double layer ) of sunilarly charged ions is considered as suggested by 
Desai ( J. Bombay University, 1 , Part II, 25, 1932 ). The idea of 
critical potential is thus completely supported by our measnremeots. 

It should be pomted out here that generally it is observed that the 
value of the cataphoretic speed at which coagulation begins is some- 
what higher in those cases where there is a marked preferential adsorp- 
tion of the similarly charged ions. Why this is so is not quite dear. 
Some experiments are bemg undertaken for getting a dear idea of 
this pomt 

7 In onr papers referred to in para. 2 it has been shown that b 
the case of colloidal thorium hydroxide the appearance of the S-ahaped 
coagulation velocity (C. V.) curves 01 demonstration of the anto- 
catalytic nature of the coagulation process depends on 

( 1 ) the suitability of the method employed m following the cooiae 
coagulation, 

(u) the concentration of the ooagolator, 

(ill) the purity of the sol (this can be changed by diolyBing the ad), 
and 

(Iv) the concentration of the disperse phase. The canaaa wUdi 
be lesponaible for the non-obaervaoce of aato-catal^ dqg (9 
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bcter (0 ( nHability of mothod ) havo ben dl a me a d in drtidl in oar 
IMpere. 

(il) Coneentretion of the oaegnlator. — ^As etetad in pun. 5 dow 
wT ftgnluhnn bogiDS when the charge a lowered to die critioel value 
(fiiet critical potential) and the slow ooegolntion passes into rapid 
coagnlation when the iso-electnc point (second critical potentiaO i* 
reached. In the case of concentrated electrolytes the time reqaiied to 
pass from the first critical potential to the second will be very mall 
( in seconds ) and therefore with the limitations of the present methods 
of following the course of coagulation, it will be very difScnlt to gat the 
S*Bhap6 of the C. V. carves. This however will not be the esse with 
dilute electrolytes where the potential difference decreases slowly and 
the region of slow coagnlation extends over some mmntes ( of. Powis, 
loc. cit ), and hence the appearance erf the S-shaped C V. corves. It 
ahonld however be stated that the C. V. carves ate not fonnd to be 
S-shaped even with dilute electrolytes having multivalent cnagiiUHtig 
ions. We have observed that the amoont of bivalent coagulating 
ion required to lower the charge to the critical value is mneh less than 
diat of umvalent ooagnlating ion. This is dne to greater prefetantial 
adsorption of the former ions. As a result even with dilnto electrolytai 
oontauung multivalent coagulating tons if the potential of the double 
layer is lowered at all, the rate <4 its lowermg will be great m the 
beginning nod hence the rate of ooaleeoenoe also will be large. At vary 
great dilations, the coagulation will not proceed ter as there u not 
sufficient electc«vts left to lower the potential difference any forthar. 
Tbs coagulation will therefore be partial in these cases. In fact 
cataphoretic ezpenmants showed that in snch cases a greater amount 
d uncoagulatod sol was still left m the miztore. In those cases where 
there is complete coagnlation t. e., with somewhat oonoantrated electro- 
Isrtee having moltivalent ooagulatmg ions, the time required to pose 
from the critical value to the iso-electric pomt will be very small 
( in seconds ) and therefore it will be impossible to observe the slow 
coagnlation phenomenon as m the case of concentrated electrolytes hav- 
ing onivalent coagulating ions. 

(ui) Purity of the soL — In explaining the effect of this fsetor it 
was assumed by ns (Patel and Desal, loc. at.) as done by other 
workers that the charge on the colloidal partides in the case of toomim 
hydroxide also decreases contmuonsly with the progre s s of dfadyaiB. It 
was argned that as the imbal slow coagnlation refers only to the 
process which takes place between the re^on of the first and ssoond 
critical potentials, if by any means tiis tune reqmrsd to pass ffOo tbs 
first to tbs second cnticai potentml is made appreciably small or negli- 
gible, tbs initial and less steep portion of tbs C. V. curves wflU also 
diaafipBar. Continuous lowering of charge mtii tbs pr ogis i s Of dUjr- 
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Sil %iU tt Sibbfave this imrpow and henctt for very piM Solaflw 
. OtVt cttrras wiU not to S-^haped. EVed dnth a dttUS elodicdlyte 
dODoetttntioD id tto ease rd verjr pore sols, the C. V. corMi «&1 not 
to S^haped beeaBse the valoe of the charge being very ndu tto no- 
alectric pout, the time required for coagulation will to very amalL 
Actual measurements of charge in the case of this sol have 
however shown that with the progress of dialysis the cataphoredc 
speed first increases, reaches a maximum value and then decreases 
continuously (Desai, Current Science, 1, 38. 1932 ; 1, 125, 1932 ; also 
ptywr to B. N. Desai and A. K. Desai, loc. dt.). The above line of 
argument therefore cannot be applied to the penod of dialysis when 
the cataphoretic speed oontmuously increases with the progress of 
dialysis, as the charge on the colloidal particles will be removed further 
and further away from the first or the second critical charge. The 
C. V. carves were found to be S-shaped in the case of sola dialysed 
for about ei^t days while for sola dial 3 raed for longer 'periods (about 14 
days) no S-sfaaped C. V. curves could be obtained (Patel and Desai, 
loc. dt.). As found u the later investigation (B. N. Desai and A. K. 
Desai, loa at) the cataphoretic speed mcreases with the progress of 
dialysis up to a period of only about 5 days (the rate of dialysis being 
almost the some u the two cases) and therefore the cataphoretic speed 
being regularly decreasing with progress of dialysis after ai^t days, 
the previous arguments used for explaining the non-observance of 
S-shaped C. V. curves for sols dialysed for long periods ( very pure 
sols ) still hold good. 

(iv) Concentration of the disperse phase.^ — It was observed by 
us (Patel and Desai, loc. dt.) that when thorium hydroxide sol is ooop 
gnlated by eu electrolyte of the same concentration throughout, the 
tendency of the C V carves to be S-shaped becomes less and less with 
an increase in the dilution of the soL This was explained by assum. 
ing that in the case of a dilute sol a particular amount of electrolyto 
will bring down the charge on the partides more nearly to the critical 
point or the iso-electnc pomt than in the case of a concentrated soL 
This will mean that the time required to teach the iso-electnc point 
after adding the electrolyte to the sol will be less with a dilute sol dian 
with a concentrated soL With the progress of dialysis as tto charge on tto 
partides is brought nearer and neater to tto iso-electnc pomt, tto tune 
required for coagolation will to 80 small with tto dilate ed when compar- 
ed with the ooocentrated one— the aame amount of electrolyte havugr 
been added m both tto cases— that the C V. carves may not be S-shap- 
ed at all This effect wiU be more marked m tto case of a eol dialysed 
for longer periods than (me dialysed for shorter periods. Now as stated 
before tto charge oa colloidal partides of thorhim hydroxide inrrtennn 
to toh initial etafea of dialysis and tberefere toe ideas moditod tndsr 
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{actor (lu) in the preceding enb-pan. shoold only be applied. Alao oar 
later meoanramente (B. N. Deaai and A. K. Deaaii loc. dt) have abomi 
that for samplea of tbu aol dialyeed for periods ahortar tf»*n what 
corresponds to the maximnm in the cataphocebc speed dialysis curve' 
on diluting the sol, the cataphoretic speed first increases, teaches a 
' maxitnnm value and then decreases , on the other hand, for ads dialyaed 
for longer periods, on diluhng the sol, the cataphoretic speed contma* 
ously decreases. In view of the evidence of the charge measnreinentsi 
the previous explanations do not hdd good only for those cahwi m 
which the cataphoretic speed increases upto a certain dilution. There 
IS however one additional factor which has not been hitherto considered 
in explaining this influence, namely, the effect of concentratioa of the 
disperse phase on the size of the partides. Desai (in paper referred 
to in para. 2) has shown that the auto-catalytic nature of the coagulation 
process and the S-shaped C. V. curves may not be observed at all 
with dilute sols. These can best be observed m fairly concentrated 
sds which contain a considerably larger number of partides because 
sufficiently large multiple particles can be formed in them. It is 
considered that this factor will have a considerable effect on the 
nature of the C V. carves. 

8, In a recent paper S S. Joshi and V L. Narayan ( Special 
Number of the Journal of the Indian Chemical Soc., 1933, p. 41 ) have 
studied in detail the influence of wall area in the coagulation of colloi* 
dal solutions of MnOi, SbfSt and positively charged FeiOt. They have 
observed that the rate of coagulation is markedly increased in all cases 
when the wall area of the coagulating system is increased by mtroduc- 
mg glass beads. They also find that when the same number of beads 
and the containing walls are paraffined the coagulation is sensibly re* 
tarded m all cases. In the light of their results they consider unlikely 
that the increase in the rate of coagulation, under wall effect aloneb can 
convert a 'slow' mto a ‘rapid’ coagulabon. They conclude that auto* 
catalysis cannot be considered as a general characterisbc of coagulation 
as has been supposed by some workers, but that it is a secondary 
process whidi adds to the mam course of coagnlabon under certam 
condibons. 

Now as shown by electrosmotic, cataphoretic and stream*potanti* 
als measurements, the wall-layer of gkus in contact with water 
becomes negabvely charged. The nature of this charge will be m o dified 
considerably m the presence of electrolytes as well as^when the glass 
surface is paraffined. It is therefore certam that the glass surface will 
help or rebtfd the coagulation according to the nature of charge on it 
and on the ooUoidal partides. Moreover glass walls themselves, 
whether paraffined or not and whether cbarged or nndiaiged, will act 
gs oeoties for coalescence. |o vi^w of tbeae OQqsidemtnpg (g n^t 
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jnstifiable to say tint the results of Joshi and Narayaa (kw. dt) 
soppwt the condusion that the nature of coagulation proooss is not 
intrinsically anto^talytic. 

On the other hand, their results can well be utilised to dxm that 
the nature of coagulation process is auto-catalsrtia For as shown by 
them the walls of the oontBining vessel (unparaffined) make the S'Sbape 
of the C. V. carves less marked and it is qmte likely that the non- 
observanoe of auto-catalysis by some workers mi^t be to a oertom 
extent due to this effect. 

9. In the light of the foregoing evidence it can be stated that as yet 
no investigator has succeeded m showing that the nature of the coagula- 
tion process is not intrinsically auto-catalytic. Fadure to observe the 
S-shape of the C. V. curves and the auto-catalytic nature of the coagu- 
lation process can be due to several factors which have been considered 
in this section and which as shown wdl considerably modify the nature 
of the C. V curves and of coagulation. Also as shown in this section 
the idee of critical potential is completely supported ; if any deviations 
occur they can be explained by taking the influence of the similarly 
charged ions into consideration. 

{b) Applicdbthty of Schulte-Hardy law. 

10. It has been shown by Desai ( Kolloidchem. Beihefte, 26» 
384, 1928 ) that in the case of colloidal thonurn hydroxide containing 
appreciable amounts of HCl, the C. V carves for eqmvalent concen- 
trations of different electrolytes having the same coagulating ion 
( niuvalent ) are not identical and that the C. V. is not the same m 
different cases. This is in contradiction to the raquirements of the 
Schulze- Hardy law according to which the time required for the ooagu- 
lation of a sol by electrolytes having the same oppositely charged km 
IS independent of the nature of that ion of the coagulator which carries 
the same charge as the colloidal particles. It has been expressed by 
several mvestigators ( references are given in the above paper of Desai 
on p 394 ) that unless and until the influence of the similarly charged 
ion IS taken into consideration, no theory will be adequate enough to 
explam the results of coagulation of sols lo' electrolytes. In the case 
of multivalent coagulating ions the influence of the similarly /Aar giwI 
ion being negligible, the Schulze-Hardy law is obeyed. It has also 
been shown by Desai ( loc. cit. ) that the applicabihty of flie Schulze- 
Hardy law increases with the progress of dialysis. This has been 
explaued by assuming that with the progress of dialysis the preferential 
adsorption of the sunilarly charged ions decreases. 

11. The measurements of cataphoretic speed of goig. 

tkms of f«nc hydroxide ( Desai and Borkar, k& mt. ) and of tbodnm 
hydroadde (B. NrDesaii and A. K. Daaidt loc. at) is the priinnna 
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of varying omoonts of elactrolytoa have shown that pnisrantW ad- 
sorption of similarly charged tons takas plooe in the pNsanoo of small 
amounts of electrolytes containing monovalent roagnlating I014 while 
with bivalent coagulating ion no preferential adsorption of similarly 
charged ions is allowed to take place. It has also been observed that 
the amounts of different electrolytes necessary to lower the value of 
the charge to the critical value ate not the same. The earlier con- 
clusions are thus supported by the evidence of charge measnrameiits 
in these respects The charge measurements, however, show that the 
preferential adsorption of similarly charged 10ns does not appreciably 
decrease with the progress of dialysis 1. 1 ., with an mcreaae m the 
ponty of the soL Therefore the explanation advanced m the previoas 
paragraph about apphcabihty of the Schulze-Hardy law with the 
progress of dialysis requires modification. In the case of thorinm 
hydroxide the deviations from the Schulze-Hardy law only disappear 
after a period of dialysis of 10 days or so. During this period of 
dialysis the charge on the colloidal particles will be brought neater 
and nearer to the iso-electric point ( the maximum cataidioretic speed 
liaving occurred at a period of dialysis of 5 days or so) and thus 
as shown in section (a), coagulation tends to be rapid m all the cases 
(disappearance of S-shaped nature of the C V curves). Under 
the arcumstances it is quite likely that although different similarly 
charged ions may be preferentially adsorbed to different extents m the 
beginnuig, this may not affect the nature of the C. V, carves to any 
appreciable extent 

12. In view of the evidence of charge measarements it is also 
conside r ed that the mechanism of coagulation as pictured by Weiaer 
( J. Phys. Chem., 28, 232. 1924 . 29, 955, 1925) and Dhar (ibid., 28, 
457, 1924) for explaining the preferential adsorption of aUnilarly 
charged ions is difficult to understand. For, the preferential adsorptna 
of the similarly charged 10ns is noticed only m the presence of small 
amounts of electrolytes and at these concentrations the adloidal eola- 
tions do not show at all any tendency for coagulation. 

( 0 ) Relation between charge and atabtMy. 

13. Numerous papers have been publtshed by mveshgators in 
Colloid Chemistry on the stability of various colloidal solutmna in the 
presence of electrolytes — greater ffocnlation value (F. V.) greater stable 
lity and smaller F. V. smaller stability. These investigations hav* 
been mode with colloidal eolations which have been panfied to certain 
extent by dialysis. The decrease m the P. V. wi^ the progre s s of 
dialysis has been explained generally by dSinming that with the prO' 
gross of dialsrsis, the charge on the colloidal particles opotumonsiy 
decr ea aes . We have measured catapbocetic spsad and etabitt^ silMi)- 
^gpeoaoly of colloidal epl u t w ns'Of gold, ferric fagrdcoaida agd fliHiaga 
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hydrooude with tho progress of dialysis. The fdUowing residta have 
been obtained ( for details refer to papers by Desai, Nabor and Barvop 
J. Indian Cham. Soc., 9^ 463| 1932, Desai and Borkar, loc, at 
B. N. Deaai, loc. cit ) * — 

' (t) Id the case of colloidal gold, with the progress of dialysis 

both cataphorehc speed and stability as determined by F. V. increase 
in the beginning, reach a rnaximam value and begin to decrease sunnl- 
taneoasly thereafter. 

(td The cataphoretic speed of colloidal particles of feme and 
thonom hydroxide, first increases, reaches a maximum value and then 
decreases on subjecting the sols to dialysis ; the P. V., on the other 
hand, contmuously decreases with the progress of dialysis m both the 
cft sest 

14. The above results show that although there is a direct rela- 
tion between charge and stability in the case of colloidal gold, the same 
IS not found to be the case with colloidal feme and thorium hydroxide. 
In the latter case such relation is only found to exist for the period of 
dialysis when both cataphoretic speed and F V. decrease regularly* 
The reasons for a regular decrease in the F V. with the progress of 
dialysis, m spite of first an increase and then a decrease m the cata* 
phoretic speed, have also been advanced by os. In both the cases— 
feme as well as thorium hydroxide — an mcreose m the preferential 
adsorption of the stabilising ions in the presence of KCl ( electrolyte 
added for F* V. determinations ) as well as a change in the size of the 
particles during dialysis have been found to be very significant from 
the pomt of view of stability. In the case of feme hydroxide the 
changes in the hydration of colloidal particles m the initial stage of 
dialysis are also partly responsible for the abnormal behaviour. 

15. It has been observed by us that on adding small mcraasii^ 
amounts of KOH m the case of gold sol, of HCl and FeClt in the 
case of feme hydroxide sol and of HCl in the case of thonum h 3 nlro- 
xido sol, the cataphoretic speed first increases and then decreases or 
that there is a maximum m the cataphoretic speed (C. S.)— concentra- 
tion (C) curve. The initial increase in the cataphoretic speed is due to 
a preferential adsorption of the bimilarly charged ions. All these ads 
imtiolly contain an amount of the stabilising electrol}^ which la 
appreaably more than what correspondns to the mammiifn m the C.S.— 
C curve for that electrolyte. With the progress of dialysiSi the 
amount of the stabilising agent contmuously decreases. The prooeee 
of dudysis can therefore be considered as a reverse of the proceei of 
adding small tmereasing amounts of the peptising electrolyte to the 
ooUcnd in so for as the removal of the peptising electrolyte is oonoerii* 
ed ; one should thus expect that with the progress of dialysis the 
catgpboretic speed will first mcraBae and then decrease. Tbaa a ool- 

B 



JOURNAL OF tHE OKtVEftSttV OF bok^AV 


loidal flolntioD when subjected to dialysis will abow (a) first an Increase 
and then a decrease or (h) a continnons decrease of the cataphoretk 
speed according as it initially contains an amount of the peptuing agent 
(a) more than or (6) equal to or less than what c o r re sponds to the 
maximum in the C.S.— C curve with that electrolyte. Other sols are 
being investigated from this point of view. 

16 From the foregoing it will appear that it is not safe to draw 
conclosions about changes in charge from the stability determinations 
as has hitherto been the practice> for although this may serve a useful 
criterion in some cases it may not do so in others 

CdJ Changes tn cataphoreftc speed and stability q/ colloidal 
solutions of feme and thorium hydroxide dialysed and 
diluted to different extefiis 

17. We have observed (Desai and Borkar» loc. at.; B. N. 
Desai and A. K. Desai, loc. at ) that (i) for samples of sol dialysed 
for periods shorter than what corresponds to the maximum in the C. 
S. — D ( dialysis ) curve, on diluting the sol, the cataphoretic speed of 
colloidal particles first increases, reaches a maximum value and then 
decreases and (u) for samples of sol dialysed for longer periods, the 
cataphoretic speed regularly decreases on dilution of both the sols. 

18. Both on diluting and dialysing the sol the amount dt the 
peptising electrolyte decreases The processes of dilution and dialysis 
can therefore be considered similar in this respect. Now as shown m 
section (c), if a colloidal solution initially contains an amount of the 
peptisir^ electrolyte more than what corresponds to the maximum in 
the C. S. — C curve the cataphoretic speed first inaeases and then 
decreases on dialysis. The samples of the sol dialysed for periods 
shorter than what correspond to maximum in the C S — D curve 
do contain an amount of the peptising electrolyte which will be 
more than what corresponds to the maximum in the C S.— C curve and 
therefore the processes of dilution and dialysis being similar, the 
cataphoretic speed should first increase and then decrease on dilution 
of the sol Sols dialysed for longer periods than what corresponds 
to the maximum m the C S — D curve should show on diluting, *a 
contmnous decrease in the cataphoretic speed as they contam an 
amount of the peptising electrolyte less than what corresponds to the 
maximum in the C. S. — C curve , for such samples the cataphoretic 
speed also regularly decreases on dialysis. 

19. If the analogy between processes of dialysis and dilation 
given in the preceding paragraph is correct, one should expect that the 
maximum in the C.S.— Dll (dilution) carve should occur at lower 
dilutions in the case of sols dialysed for longer periods thab those 
dUyaod for diorter periods. This has actually been found to bi tbo 
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cats (Dead and Borkorf loc. dt. and B* N. Deed aod A. K. Dsaaii 
loa cit). la what respects dialysis and dSntlon cannot be considered 
■hnikr hat dan been disaiBsed by Desai in the above pi^iers. It ta 
however crasidered that changes in catapboratic speed on didysis and 
dilation are mostly due to changes in the concentration of the peptising 
electrolyte. Dififorent sols are being investigated to see how fax observa- 
tionB (i) and (u) given in para. 17 are also noticed in tl^m m order to 
find oat if this behaviour is a general property of colloidal solutions. 

20. On diluting the sol the stability as determined by the F.V 
with KG decreases regularly for both feme and thorium hydroxide 
sols. As shown in para. 16 there does not appear a direct relation 
between charge and stability m all the cases , fotf as stated abovei the 
xhanges In the cataphoretic speed on dilution are not the same for sola 
dialysed for different periods. 

21. Dhar ( for references see Desai, Kolloidchem. Beihefte, 26, 
385, 1928) has divided colloidal solutions into two divisions according 
as they show normal or abnormal behaviour to the dilution mlea 

the greater the concentration of a colloid the greater the amount of an 
electrolyte necessary for coagulation. According to Dhar, only those 
sola show an abnormal behaviour to dilution rule which show appreci- 
able preferenbai absorption of similarly charged ions from the solutiOD. 
Desai (above quoted paper) has however shown that colbidal thorium 
hydroxide can be made to show either normal or abnormal behaviour 
to dilution rule by varying the purity of the sol ( by subjecting the sol 
to dialysis ), and that it is erroneous to divide the colloidal solutions 
into two classes as done by Dhar. We have also observed tbat both 
colloidal feme and thonum hydroxide show appreciable preferential 
adsorption of K ion in the presence of KCl ( Desai and Borkar, loc. 
at , B. N. Desai, and A. K. Desai, loc cit ), and that both these sola 
show normal behaviour to dilution rule when they are coagulated with 
KCL Thus Dhar’s explanation about abnormal behaviour to dilntion 
role also does not seem to be correct 

22. In explaining the abnormal behaviour to the dilution rule, it 
has also been stated that a dilute sol adsorbs proportionally more of the 
sunilorly charged ion than the concentrated one Our preliminary 
results ( Desai and Barve, Nature, 128, 907, 1931 ) have shown tbat 
on the addition of small increasing amounts of KCl and MgCli, the 
catafdioretic speed first mcreases and then decreases, the mitial increase 
bauae greater with the concentrated sol than with the dilate sol. It was 
also observed that the maximum value of cataphoretic speed occurs at 
a lower concentration of the electrolyte m the case of dilute sd 

the conoentratad one. These results thus do not support the conchiskm 
that there being greater adsorption of the similarly charged km b a 
id ban a concentrated one^ the charge will be greater b 
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foroidr and hanoe a graater amount of alactrolyte will be rego l rad 
for coagolatioD* Also the explanation for disappearance of abnormabty 
to fba dilation rale, as in the case of the Schulze-Haidy law, with the 
progress of dialysis should be modified as indicated in para* 11* It 
appears that increase in distance between colloidal particles on dilution, 
might have considerable influence on the coagulation and make the sol 
show an abnormal behaviour as regards stability (cf. Desai, KoUoidcbem* 
Beihefte, 26, pp. 400-^1, 1928). 

(e) Rdatton between charge and vtscoatty* 

23. There are two dtfierent views at present about relation 
between charge and viscosity According to v, Smoluchowaki (for 
references on this subject see papers by Desai and Borkar, loc. at. ; 
B.N. Desai and A K. Desai, loc. cit. ) the movement of electrically 
charged particles of a sol causes the development of an electric field, 
which hmders the flow of the sol resulting in on increase of its viscosity. 
This conclusion was found to be supported by Smoluchowski's measure- 
ments which ^owed that a sol containing particles of greater electric 
charge was more viscous than a sample contaimng particles of feeble 
electric charge. On the other hand, Dhar and oo-workera from their 
measurements with a number of sols have tried to show that the view 
of Smoluchowski is untenable. According to them, other things being 
identical, a decrease in the electric charge on colloidal particles causes 
an increase m hydration and necessarily in the viscosity of the sol. It 
should however be stated that Dbar's conclusions about changes in 
diarge are based on F.V determinations and this is certainly not 
correct in view of what has been said m the foregoing sections about 
relation between charge and stability as determined by F.V. 

24. We have made simultaneous measurements of diarge and 
viscosity of colloidal solutions of feme and thorium hydroxide dialysed 
to different extents and of different concentrations and m the presence 
of varying amounts of electrolytes. In the case of colloidal feme 
hydroxide we have observed ( Desai and Borkar, loc. at ) that 

(i) With the progress of dialysis, catapboretic speed first increases 
and then decreases, while viscosity first decreases and then increases. 
The maximum in the CS. — D curve and the minimum in the V 
( viscosity ) — D curve however do not occur at the same stage of 
dialysis. 

(u) On adding small increasing amounts of electrolytes with uni- 
valent coagulating ion, catapboretic speed first increases azMl th *n 
decreases, while viscosity first decreases and then increases. The 
maximum in the C.S. — C curve and the minimum in the V — C curve do 
not however occur at the same oonoentration of the electrolyte. 

(ui) With highly concentrated spls of Fe^Q| the imM decrease 
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ia vtoooslty with the p rogre ss of dial]r8is is not notioed at all ( Desal> 
Special Nnmber of the Joum. Indian Qian. Soc p. 37i 1933 ). 

In the case of colloidal thontun hydroxide we have observed 
( B.N. Desai and A.K. Desai, loc. cit. ) that 

(0 With the progress of dialysis, cataphoretic speed first in* 
cresses and then decreases, while viscosity continuously increases — the 
increase being more marked m the later stages of dialysis. 

(U) On dilating the sol cataphoretic speed first mcreases and 
then decreases for samples which have been dialysed for periods shorter 
than what corresponds to the maximum in the C.S. — D curve and it 
conbnnously decreases on dilution for samples which have been 
dialsrsed for longer periods. Viscosity, on the other hand, contmuonsly 
decreases on dilution in all the cases although the samples of sol were 
dialysed to difihrent extents. Also the percentage mcrease of viscosity 
on dialysis is greater m the case of concentrated sols than ddute sols. 

(ui) For all the samples of the sol, whether dialysed for short or 
long periods, cataphoretic speed first increases and then decreases on 
the addition of small mcreasing amounts of electrolytes having uni* 
valent coagulating ion, the imtial mcrease in cataphoretic speed being 
not noticeable with electrolytes having bivalent coagulating ion. Vis- 
cosity, on the other band, increases contmuonsly with all the dec* 
trolytes for samples of the sol which have been dialysed for periods 
shorter than what corresponds to the maximum m the C S. — D curve, 
while for samples dialysed for longer periods the viscosity first decrea- 
ses and then increases on adding small increasing amounts of dectro* 
lytes to the sol. 

25. It will appear from the above results that neither the view 
of Dhar nor of v. Smoluchowski can alone explain the changes m 
charge and viscosity of colloidal ferric and thorium hydroxide under 
dififisrent conditions — with the progress of dialysis, with a change in 
dilution and when small increasing amounts of diffisrent electrolytes are 
added. As pointed out in our papers one has to consider the effect 
of various factors, which are given bdow, m explaming these changes 
m charge and viscosity. 

(0 Changes in the concentration of disperse phase.~The viscouty 
of the sol will generally decrease with a decrease in the concentration 
of the disperse phase. 

(u) Electro-viscous effect— -The visoodty of the sol will increase 
with On increase m the cataphoretic speed of <v>Hnidnl particles and 
decrease when the cataphoretic speed decreases. 

(ill) Changes m hydration of colloidal particles. — With an 
increase b hydration of the colloidal particles (this tendency b most 
pmoonced with the progress of dialysis when the sol shows a tendency 
tQ set to gel) ^ viscosity will also increase, there being an increase b 
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the eflbctiva volnme of the particles. On dilating the aol| the hydiatioa 
of ooUoidfli particles may increase and the viaoosity may also ipcroase 
doe to an increase in the effective volame of the particles. 

(iv) Variation in the shape and stractnre of partidesw— As for 
the variation of the shape of the particles little is known. How- 
ever the structure of the particles is sure to vary both daring 
dial]^ and dilution. During dialysis, there is a tendency for the 
particles to aggregate as durii^ coalescence and thus increase their 
effective volame and the viscosity. On the other hand, on dilution 
the larger aggregates may break up into smaller ones and thus 
decrease the effective volame of the particles as well as viscosity. 

(v) Changes in the concentration of the electrolyte. — The visco^ 
sity will increase regularly with an increase in the concentration of the 
electrolyte present m the sol except with those electrolytes which show 
a negative viscosity withm a particular range of concentration. 

26. In a pievious paper Desai (Kolloidchem. Beibafte, 26^ 422, 
1928) has explained changes m viscosity on dialysis and ageing by 
assuming that as with the progress of dialysis and on ageing, the sol 
becomes unstable, the charge decreases and therefore viscosity increases. 
In view of what has been said m previous sections it is not right to 
draw conclusions about chauges in charge from stability determinations 
and therefore the above explanation may have to be considerably 
modified Tlie influence of all the factors mentioned in the previous 
para, should be taken into account As the ceric hydroxide sol imti- 
ally contams quite a large amount of the peptising electrolyte it is 
likely that on dialysing, the charge on colloidal particles may first 
mcrease and then decrease as in the case of feme hydroxide and 
thorium hydroxide sols The changes in the various properties of collo- 
idal particles of ceric hydroxide under different conditions are being 
mvestigated. 

27. In a recent paper Ghosh and Banerji, (Bui. Acad. Scl U. 
P., 2, 135, 1933) have given some measurements of viscosity of 
colloidal feme phosphate dialysed and diluted to difierent extents, the 
flow of the hquid being caused under varying pressure. They have 
stated that if measurements of rates of flow of a colloid be undertaken 
at fairly high pressures, the change m the viscosity of colloids with the 
progress of dialysis will be either nil or insignificant. According to 
them hydration has to be assumed to be very labile. Our results of 
study (Desai, loc. cit ) of the ceric hydroxide sol and gd also seem to 
support the conclusion about labile nature of hydration. Ghosh and 
Banerji however beheve that colloidal solutions show a high visooeity 
due to an orientation of the partidps rather than due to high bydratton 
of the disperse phase. According to them the tendency to orientation 
increases as the alectnc chaise on the colloid particles i8de9reR$e44)i4 
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BBi daring dialyais, the dectrlc diaige oocGlloidBlparticleBooiiitiinioady 
decreases the viscosity will increase. It shoald be pointed out hen 
that their oonclnsion about changes in charge during dialysis is based 
on Goagulatioa experiments as they themselves state. This is not 
justified in view of what has been stated in pnvious sections abont 
changes m chaige during dialysis In fact the ferric phosphate sol 
which they have need mitially contained a considerable amount of the 
peptuing agent and therefon the charge on colloidal particles during 
dialysis will first increase and then decrease instead of continuously 
decreasing as shown by stability determinations. Our examination 
of ceric hydroxide gel under ultra-microsoope (Desai, loc. cit. ) has 
revealed no tendency for a definite orientation of the particles m that 
geL Our gel contained more than 2000 mols of water per one mol of 
CeOf (the amount of water depending on temperatore of gel formation) 
and it is considered that a considerable increase in viscosity dnnng 
dialysis is due to an increase in hydration of the particles. Also the 
decrease m viscosity under high pressures noticed by Ghosh and 
Banerji (loc. at) is not due to a destruction of the orientation of collo- 
idal particles under high pressures as supposed by them, but definitely 
due to a decrease in the hydration of the particles on account of some 
water molecules wrappmg the particles having been torn off and the 
efiective volume of the particles having thus been decreased. It is not 
necessary to consider that increase in hydration is as a result of adsor- 
ption of water by colloidal particles, for largo amount of water held by 
the gel will demand adsorption several molecules deep and this is 
mcompabble with Langmuir's theory (J. Amer. Chem. Soc., 38, 2221, 
1916 ; 40. 1361, 1918), according to which the adsorbed layer cannot 
be several molecules deep. The picture of hydration suggested by 
Desai (Kdloidchem. Beihefte, 26. 434, 1928) will easily allow some 
water molecules being torn off under high pressures and thus explain 
the decrease m viscosity with an increase m the shearmg force. There 
IB also no evidence to suppose that orientation of colloidal particles in 
a sol changes durii^ dialysis. 

28. In view of what has been stated m this section it will be 
clear that it is erroneous to draw conclusion about changes in charge 
frmn changes in viscosity as m the case of stabihty ( para. 16), and 
that there is a nece&ty to study simultaneously changes m chaige and 
viscosity of colloidal solutions under different conditions. This is being 
done in our laboratory. 

(/) SeHstttaa/ion q/ coUoidal soluhons bjf 

29. We ( Patel and Desai, KoUoid Zeit, 51, 318, 1930 ) bava 
stndied the infiuenoe of non-electrolytes — ^methyl, ethyl and iso-propyl 
akobola, acetone^ urea and cane-sugar on the rate of oes gniqHnn of 
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^AiinMnl thorium hydroxldo of different degrees of purity In tbe pnaenoe 
of NaCl , the coagulation of the sol In the presence of non-ebetredytes 
alone has also been studied. The foUowing resolta have been 
obtained . — 

(i) With the progress of dialysis tbe sol is more and more 
sensitised by non-electrolytes. 

(ii) A fairly pure sample of tbe sol ( sol dialysed for 6, 8 and 11 
days) could be coagulated by non-electrolytes alone» the magalating 
power of non-electrolytes increasing with an increase in the purity of 
the sol. 

(ui) Tbe C. V. curves for lower concentrations of electrolytes 
and non-elcctroIytes or DOD-electro]3rte5 alone are found to be S-shaped 
The S-shape of the C. V. curves becomes less marked with an increase 
in the purity of the sol. 

(iv) The order of effectiveness in sensitisation or coagulation of 
the sol by the non-electrolytes tried in these experiments is 

UreoOmethyl alcohol>ethyl alcohol>iso propyl a]cohol>cane-sugar 
>acetone. 

30. The view of Weiser (J Phys Chein., 28, 1253, 1924) 
that sensitisation is caused due to the cutting down of the adsorption 
of the coagulating ion m the presence of non-electrolyies is cot appli- 
cable in the present cose because the C V increases m the presence 
of Don-eloctrolytes. Alto the fact that fairly pure samples of tbe sol 
could be coagulated with non-electrolytes alone shows that the above 
view IS not of much help in explaming our results 

31. The other view of Weiser (loc cit. ) that the non-electrpytos 
displace the stabilising ion is supported by our results For, such a 
displacement of the stabilising ion will make the sol unstable and if 
stability 18 defined in terms of coagulation concentration, smaller 
amounts of eletcrolytes will be required to coagulate the sol in the pre- 
sence of non-electrolytes This view will also explain the coagulation 
of the sol by non-electrolytes alone, for if the non-electrolytes are able 
to displace so much amount of the stabilising ion from the mfwy 

of tbe double layer that the value of tbe charge on the particles is 
lowered to the critical value, the sol will begm to coagulate— slow 
coagulation phenomenon If the amount of the stabiliau^ ion displac- 
ed 15 quite considerable the value of the charge on the colloidal parti- 
cles may be brought down to the iso-electric point and the coagulation 
may become rapid from the beginning It should however be stated 
that It IS not possible to say how far the displacement of the stahibsiiv 
ion by the non-electrolytes will be shown by actual adsorption ezpen- 
menta. 

32. The suggestion of Wa Ostwald ( Grundrias der Kolkdd 
Chemie. 1 Aofl. 1909, p. 441) and of Freundlich (Colloid and Capillary 
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didsdric constant daada tba iaflnence of non-eledrolyteB is fbond to bs 
supported fay thew experiments. All the non-dectxolyteB tried in our 
maasntsawnts had didectnc constant lower than that of water and 
therefore if the wm-electrolytes are adsorbed m the doable layer tbs 
dialectnc oonatant will be lowered and with it the electnc diaige on 
the mllmAil particles. Whether there will be slow or rapid oosgoia- 
tion in the beginning will depend upon the extent of the lowering of the 
charge. 

We have obeerved that with the progress of dialysis the charge 
on particles of thonnm hydroxide first increases and then 

decreases. If the coogolation by non-electrolytes is doe to a lowering 
of the dielectric constant and hence of the electnc chaige, one woold 
expect that the samples of the sol having the same cata^ioratic speed 
I. on the one or the other side of the maxunnm m the C S.-D cnrve 
dnnld show the some behaviour when non-electrolytes are added. It 
will however be seen from out results that the aol oonld be coagulated 
with non-electrolytes alone only when it was dialysed for long periods 
( 6b 8 and 11 days ) ; sols dialysed for shorter periods «. a, lass than 
what corresponds to the maximum m the C S.-D cnrve ( sols dialysed 
for 0 day and 3 days ) could be only sansitiaod bat not coagulated by 
non-alectrdytes alone. It thus appears that the non-alectrolytee axe 
not able to lower tlie dielectnc constant as mndi in the pceeenos cf 
apprsaabls omoants of alectrcdyte( sols dialysed for 0 day and 3 days 
osrtaioly contam quite appreciable amounts of the stabilising alec- 
trdyte when compered with samples dialysed for 6. 8 and 11 days) 
as they can do in their abeaace, or that the adsorption of ths non- 
skctnilytes in tbs prete n ce of electrolytet is not qmte ^ipceasbl^ A 
teadsney to this sflbct is ootioeaUs somewhat in the resolta of 
Makher^esi Rai Choudhuri and Rao (J. Indian Cbem. Soc.* S, 697, 
1928 ). This pant however requites further investigation. 

Ths results of Mukbarjee and oo-workers (foe. ot.) show that 
ths eata{dioFetie spaed of colloidal particles of araenfous snlphide is 
lowstsd mace and mote on adding larger and larger amoonta of non- 
ofoctrelytes which also aensttiae the sol. It is thersfoce quite hksly 
that even b the case of thorium hydroxide addition of non-ele c trofytea 
lAldi eeneitiie the aol will fower tbe oataphoretfo speed. Tbie 
work is in progtaas. 

33. Mnkherjee and oo-workers ( foe. dt. ; J. Indian Cbem. Soe.* 
2i S07| 1925 ; 3i 349| 1926) consider that tba diminution b Am di- 
elactnc constant bringa about two efibeta 

(0 The electrical work, nsdtlng ftom be displacement of bs 
ioM flOBsdtntbg be mofaUe aheb of be doable layer and sarmandbg 

IfaseoUoUU psrtlelssb wfasn two pwtidas apycench anad sB Uy mw 

n 
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each otbefi will iocnaae with a duninntion of the dielectric cooataot. 
Hiis efiwit will decrease the rate of coaleaoeiioe and tend to atabiliae 
the soL 

(ii) From Mdkherjee’s theory of the eiectncal adaorptbn of the 
preapitating ions it follows that the adsorbabdity will increase in a 
medimn of low dielectric constant. This efibct will give eensitiaatton. 
The net effect will depend on the relative magnitndes of factors (i) 
and (u). 

In OUT case the effect of factor (i) has been either absent or less 
predominant than the effect of factor (ii) becaose stabihsation of the 
sol did not take place m any experiment. Factor (u) can be ntilised to 
explain both sensitisation and coagulation of the sol by non-dectxolytes. 

Mokherjee tmd co-workers ( loc. at , also Chondhnry, J Phys. 
Chem., 32, 1481, 1928 ; Special Niunber of J Indian Chem. Soc., 201, 
1933 ) have also snggested that variation in the thickness of the doable 
layer, changes in the mter&cial tension of the medium etc., take place 
m the presence of non-electrolsrtes. It should however be stated that 
in the absence of any definite knowledge of variation of the above 
properties of the doable layer it is not quite correct to use these factors 
in explaiDing the results of sensitisation by non-electrolytes ( cf. 
Weiser. J Phys. Qiem., 44, 101, 1930 ). It appears that the role 
of dielectnc constant in the sense proposed by Wo. Ostwald and 
Freundlich may, to a very large extent, explam the results of sensiti- 
sation, although in some cases some other influences may have also to 
be taken mto account. 

34. In a recent paper Prasad and Nabar 0* Indian Chem. Soc., 
10, 53, 1933) have studied the influence of non-electroIytes on the 
coagulation of colloidal cenc hydroxide by the thermopile method. They 
find that alcohols affect the stability with the progress of dialysis of the 
sol m the same manner as observed by Patel and Desai ( lo& at. ) in 
the case of thorium hydroxide sol , sugars are however found to stabilise 
the cenc hydroxide sol and this effect mcreases with the progress (d 
dialysis. The stabilising effect of sugars m this case may be due to tbe 
effect of factor (i) discussed m para. 33 as well as doe to the catting 
down of the preferential adsorption of tbe magulnfing ion by tbe sugars. 
Regarding Prasad and Nabar’s results it most be stated that m exidoin* 
ing their results they have assumed that the charge decreases regularly 
with the progress of dialysis. This is not justified m view of the fact 
that their sol contained uutially appreciable amount of the peptising 
agent and therefore during dialysis tbe charge may first increase and 

tbsii dAcrflOfia. 

OONaUSIDR 

35. From the fbregoiag oonsidarations it is apparent that 
iriuch will be prodooed in the cbatga on colloid partides daring 
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dWysis are not bo simple as maagr ooUdd diemlsts eeem to faneglne. It 
tnll also be clear that the results visoosity and stabOity (towazds 
electrolytes and non-electrolytes ) cannot always be ntilised for gettug 
an idea about charge on colloidal particles. Under the drcmnatances it 
is difficult to understand how ffir one should consider as satufactory 
the mterpretations of the results of coagulation of ooUoida or of 
viscosity determinations whenever inferences have been drawn from 
them about changes in charge on the particles. There is thus a dear 
necessity of investigating simultaneously different properties of various 
colloidal solutions— catapboretic speed, stability, viscosity etc., — which 
have been dialysed to different extents m order to get a dear idea about 
relation between various properties. 


AW«— PqMrfayDessiandBGthsreaFeRlel^dradde l e fcn e d to bi Mia 
6 has appealed In die December 1SB3 nmober of tbb T V saa iffh ei if ^ B— a» 
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SMOKE AND ITS PREVENTION 
Bm 

M. P. KANGA RSc. (Bom.) 

( ConibusHon Bngitieer, Tht Tata Iron & Steel CoMH^oKiar LfA, 
Jamshedpur.) 

Indostnalism is rapidly spreadtag over our Indian atHS iriikli 
oongostad and crowded as they are, have already began to feel the 
effects of mechanization and of comparatively large scale prodnctkm. 

Among the many problems which follow m the walce of indnstrial 
progress, is the abatement of smoke and dost and the taking of men* 
sates against atmospheric pollution. 

In almost every aty, where hydro-electric power is not avidlablef 
cool is the chief source of generating electrical energy, supplying heat 
and producing steam and power. The boiler plant wheffwr huge or 
small IS also invariably associated with fiactonea, marine vessels, loco- 
motives, tmcks, cranes, shovels, steam rollers etc., and the general 
indication of such boiler plants m operation is the black smoke and 
dirt belching forth from theu chimneys or stacks. 

From the standpoint of hygiene, sesthetics and economics, it is 
highly desirable if not essential tl^t the occurrence of smoke ahonld be 
prevented and the au kept as free from dust as possible 

It 18 the pnnoary concern of Mumcipolities to see to pnUic health. 
Oar markets are kept clean and we are supplied with pure, filtered, 
drinking water. The average individual is rather careful about dean 
food and water but how about the air that he or she mhales ? The 
normal consumption of solids and liquids by the human system is 
about 5i pounds in 24 hours but the air bnuithed, is over 35 pounds 
m the same period. One can imagine how harmful could die unpuri- 
ties m so much air be to the lungs and the chest. Is it not a logical 
step to legislate and make regulations in order also to prevent people 
from introducing obnoxious fumes, smoke and grit in ^ atmosphere 
which surrounds urban communities 7 

Of the industrial dusts, smoke and Municipal dust ate no doubt 
harmful but far more serious problems are coniiected witii industries 
such as gramte quarrying in which the emplcyeea have to suflbc from 
a dust concentration 40 times as much giving nee to such diseases as 
silicosis and consumption. However, as aty atmosphere aSbcts a 
large number of peoi^ and as it actually pajrs not to l^va wrv Ae , tht 
gob^ shmtld receive catefui Atteabon ftm the public at laifa 
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Notem due to dost putidM, ^xtOliig of ilia Mihatfe fattoMi 
el fuad raaidaiitial qaartara ui aooon&t of imrightly aindca 

of aoaoko and tha foaliog of tmOdingai paintiiiga, aOvanmn^ funutura 
otott are aafidant raaaooa for paaaiog lagialatioD agamat amoln amia* 
ahull It la aatanatad that in tito atjr of Naw York, tiia damage canaed 
by •mnltm amount! to the appalling fignrea of over Ra. 50 par annnm 
per head. No wonder that of late there have been ao matqr qoeationB 
taiaed m tiia Britiah Parliament to taplaca bitaminoiia coal by soma 
aoct of amokeleaa fuel. 

Aa far aa tha conaamara of coal are oonoemad, they would have 
enoogb indnoament to keep the anoka down if they only realiae that 
amoka abatamant alao entails economy m foal. It la only doe to lack 
of knowledge and want of engineering akill that they mmeoasaanly loae 
moony by oontiiiaing anbqnated metboda. 

Smoke is the direct reanlt of improper oombnation or tha bmning 
of coal. To bom a shovelfo] of coal (say about 20 Iba. or 0*4 cn. ft. ) 
it reqnirea as modi air as would be oontainad m a room 16' x 16' z 16' 
( nearly 4,000 co. ft ). From these proporfaons it may readdy be ob- 
aervad that to timrooeddy bom coal, enoogh air and proper contact 
are necessary. A little consideration will show that tha a not so easy 
whan coal is fired b a haibazanl manner. 

Visibb smoke mainly coneats of mmnto particles of carbon, tar 
and aab earned away by tha products of combusbon wbcb are carbon* 
dwzide, water vapoor and carbon monoxide with traces of hydrocarbons 
( dna to incomplete oombostion ) together with the inert nitrogen of the 
air. Mteroaoopu analysis shows that these partides are composed of 
groiqia of still smaller particlas about two millionth part of an inch m 
diameter I 

The actual loss of carbon in dense smoke amounts to aboat 1% of 
tha carbon b the coal but m terms of hast nmts this loss itself is only 
aboat 3 to 4%. It is tha loss of heat nmts b the aocompanying carbon 
moootide and hydrocarbons that is so eenoos and may amount to near* 
ly 15^ of the heatiog value of coal. It ahould be remembered, there* 
foi% that whan you see amoka, yon actually visualize only a fraction of 
the total heat lo^ 

Tb make it more clear let us consider the oombostion of a pound 
of earbott. If it is so burnt as to give only carbon monrarida bataad of 
carbon duxlda, than wa loaa 10,600 B. Th. U.*a or a quantity of 
vrhich could avapoiata 3i timea as moch water at 212"F. aa la poa* 
Bibb to gaaaiata frmn tha heat of formation of carbon monoxide. 

In toe oaaa of bdler practice, loauffidant or enflkMnt ( 1. e. 40 to 
50% exeaaa ) air might nudm a diflbnnoe of aa modi aa 10 to 15% b 
toe cost of steam generation. 

Now, eoal la not a h o m ogeneo us anbatanoSi It b emg po t t d of 
^dNwboai^cuboii,aah and ttmatata^ and itoaa anbqaetad to hMt, 
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its volatile matter is first driven away leaving bebind carbon mlnglad 
with ash which is called coke. Conseqnantly, for oombostlon. air has 
to be so regnlated as to first thoroughly bmnflie gaseous piodnctsvdiicfa 
leave the coal as soon as it gets heated. When air is msnfficient, the 
volatile matter instead of being thoronghly burnt, cracks up fonning 
soot and other hydro-carbons of a more stable nature. Hence^ lack of 
air IS the primary cause of smoke. 

The second cause may be put down as doe to either too low or, 
too high a combustion chamber temperature. If the temperature 
IS too low (as in the case of furnaces starting up) the fuel is not 
properly igmted and the gases leave the furnace decomposed and sooty. 
When the temperature is too high the heavy hydrocarbons and tar 
break up mto soot in about a tenth of a second, «. e , too quickly to 
enable air to react with them. Soot once formed is difiBcult to bum 
and flies up the chimney as smoke. 

The third and general cause of smoky stacks is the improper 
design of fomaces. In most cases the combostion space is far too 
small to allow sufficient time for the gases and air to react In others, 
the grate or burner construction is such that proper mixture and 
intimate contact of fuel and air are lacking. 

The prevention of smoke, therefore^ depends on the proper apph* 
cation of the general principles of combustion. It is worthwhile 
therefore to look into a few practical methods which are nsefol m 
ensurmg thorough combustion. 

When dealing with band fired furnaces, only skilled firemen 
diould be kept on the job. Small quantities of coal most be diaiged 
at a time as frequently as necessary and first allowed to coke on the 
plate in front of the grate. During the time that the gases distd off 
the charging door should be left ajar to let m plenty of secondary air 
This IS the first step taken in order that the hydrocarbons may be 
thoroughly burnt. The second step which consists of pushing the fnal 
on to the grate allows the coke to be tinifonnly fired with a set 
qnanbty of air. 

In the case of larger nuts, the selection of a smtaUe stoker must 
not be overlooked. 

There are many types of stokers and salesmen have a tendency to 
ofiPer this important equipment without adviaing as to its smtabili^ 
for a particular grade of coal. Stoker and fnmaoe construction meant 
for a low volatile coal turns out to be inefficient when it is used 
for the of hijffi volatile coal. Smokeless settings, well-designed 
arches and proper baffling to suit particular condibons, are highly 
important factors and money spent in rebuilding fomaces is 

repaid. 

Varying or excessive loads are often the caose of smoke from te 
gtacks of even well-designed boiler furnaces apd operation ahoqld ^ 
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nma tinifonn. Tha forcing of boilers is a bad practice. 

In the smaller oxuts, lack of draft and torbolenoo are sometimea 
overcome by the ose of steam jets by which means air can be injected 
into the fomace osoally above the firing door. This practice may 
be resortad to only m cases where there is no other solution to the 
proUmi. 

When the question of new installation ansesi pulverised coal fired 
furnaces should be given serious consideration. 

The more up-to-date plants have automatic combustion control 
devices, carbonrdioxtde reoorderSi air preheaters and sometimes out of 
necessity they are equipped also with fine dust extraction devices. 

The problem does not end with smoke abatement only. A lot of 
fly ash and dust escapes through the chimneys of large power stations 
(mostly those which operate on powdered coal) and settles down miles 
around in the surrounding district. When people not only demand 
relief from smoke bnt also agitate for freedom from dost and fumes 
it becomes a serious problem as considerable expense has to be 
incurred m providii^ dust extraction plant 

The types of dust extraction plants, commonly used m Europe, 
are (a) water film and spray (b) cydone and (c) electrostatic. The 
capital coats of the water film and spray and multicyclone types 
are about the same and only about half the capital cost of the electro- 
static plant. The total cost (mdudmg the fixed charges) of removing 
flue dust IS very nearly tha same for the three processes. The 
electrostatic precipitator though somewhat more expensive is said to 
have a high ^oency ( 90 to 95%) and has the advantage of separating 
out the dust in a dry form. 

In cities where there are numerous factories located within lunited 
areas, a dnve should be made towards centralising the power plant. 
A large central power station would not only supply power cheaply 
bnt would also prevent smokiness by replacing a number of small 
inefficient units. 

In England several attempts to prevent smoke have been made 
since the 14th century or still earlier Numerous ordinances have 
been passed and committees appointed 

In recent years organised efforts have succeeded m greatly reduc* 
log smoke in some of the Amencau cities Smoke inspectors have 
been appointed and special regulations fnuned. If smoke of a coErtam 
density appears from a stack for a bnger period than that specified, 
the ordinances are put mto force. Quahtative smoke detenmnationa 
an made ordinarily using the Riogelmann charts. These are large 
charts each cross ruled with lines of a certain thickness so that when 
placed at a certain distance from the observer, they of four 

•hades intermediate between a white chart and a totally black one. 
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The colour density of smoke is then jodgsd by oompariag it wWi tbn 
charts. 

In conclusioni it most be said that there is every jnstifioation to 
agitate for legislation for smoke and dost abatement in the interests 
of hygiene and economy. With our present knowledge of the adsnti* 
he utilization of fuel, there should be little difficulty in ridding big 
cities like Bombayi Ahmedabad, Nagpur and Calontta of tbs smoke 
nuisance. 



RECENT WORK ON ANTIMALARIALS 
Bm 

R. C SHAH, M. Sc, Ph.D,( London). A LLSc 
( Chtmt^ry Department, Imail CaJlegii, Andhart.) 

Diini« the last fifteen year% a large amoont of vork has been 
cAmed oat on the chemotherapy of malaruu Systematic mvestigaboos 
have been on the relative values and bmitations of the cindiiina 
ftllwjfMda, which still bold the field in the treatment of malaria, m ajdte 
of many attempts to replace them by the so called "modified alkahdda” 
or synthetic componnds. Attempts only m port saocessfol, have also 
been made to correlate chemical constitution and antimalarial activity. 
The discovery m 1926, of "plasmoqmn,” a synthetic quinoline derivative 
which has been found to be of great value m treatment of homan 
malaria, is an outstanding achievement of chemotherapsntic mvestiga* 
tion, and has stimalated attempts to prepare synthetic antunalariela. 

The first systematic use of anchona bark as an antipyretic is dne 
to Juan del Vego, physician attendant to the Countess Anna del 
Chinchon, wife of the Governor of Pern, who mtrodnoed the bark mto 
Spam for treating ague on his mistress's estates, m or abont 1639. 

In 1820, Pelletier and Caventou m Pons isolated from the bark 
two alkaloids which they named qmnine and cinchonine. Cindbomdine 
and quinidine were isolated tbirtytwo years later. 

About 1860, attempts wen made to Inttodoce anchona trees m 
India, Ceylon, Jamaica, Australia and Java, bot snocess was attamed 
only in India and Ceylon. Of late years, cinchona colttvation has 
declined b these countries, and has immensely increased m Java, which 
is now the most important anchona district m the world. This is doe 
to the estensive botanical and chemical mvestigatioiis nlotug to the 
dochona cultivation wbdi have been earned out under the aaspnes of 
the Dutch East Indian Government. 

The five chief crystallisable alkabids present m anchona bark are 
quinine, qninidine, cinchonine, dncbonidine^ and hydroquinine, there 
are also pr esen t abont twenty other alkaloids m smaller quantities 
which are non-cryatalliasble and amoriboas. 

WhUe all these alkaloida have been known for long to posseae 
antifflalaxlal properties, there was no general agreement regardug their 
idative efificaoes. Goodaoa, Henry and Maefie* who have recently 
reiavestigated thb problem, oug alkaloids of mdeabted parity and 
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man nfioed techmqna for IricdogicBl testot andtide that bydroqniniiia 
ifl tha most affi»ctiva, the renuuning four being approniiiately of eqnal 
value. 

The chemical oonsbtation of qninuie is represented bjr (I). It la 
thus p-metho»y-y-qaino3d-P-vinyl-2-qiiinoclidyl-carblii«>l, the two com- 
ponent Tings being called the qainobne and the qamncUdine tesidaeB. 
Qomidine is a stereoismneride of qouane^ and hydro-qoinine contains 
the saturated ethyl ( — CH|— CHi) group m place of the vinyl 
UCH-CH,) group of quuune. Ciochonme and cmchonidine which 
are stereoisomerides only differ from qninine m the absence of the 
metboiyl group. 



Detailed study has been made of the tdiyaiological action of 
quinine, which is found to have a strongly antipyretic action, and 
bactericidal, narcotic and local anesthetic action, in varying degrees. 

Attempts which have been made to ascertam the pariimlyr 
molecular arrangement present m these alkaloids which is iwe p onaiKle 
for their biological activity, have given resnlts which are rfttlv ,r vague 
and indefinite. It appears that the quinoline methoiyl mninlHitea to a 
small extent to the antimalarial activity. Hydrogenation of the vinyl 
group of the quinuclidine ring gives methyl hydrocuprems which is as 
active as quuune, but more toxic. The dehy^ocompound from quinine 
containing the group- C^CH m place of -CH— CHt le only half as 
active. The conversion of the - CH « CHt group to -CHOH— CHs 
by the addition of water across the donble bond Imves the activity un- 
changed. The rearrangement of the vinyl group to the « CH- CHtgroup 
gives the mteresting compound isoquuune which is as active as quuune^ 
although a little more toxic. 

Other pdnte of the vanathm of the quuune luo le cu le have also 
been uvestigated. Ths oxidation of the seoondaiy alcoholic group gives 
ketoquimne, while reduction to CH| gives the methylene 
crncbene, which is extremely toxic prodncmg tetanus and 
Fracture of die quundidlne rag yields quinicme (11) which is hi^y 
toxie, being a strong oonvulaanti and fotal tn latgsr doses. 

Little mfonnatioD hM been made available tegstding the wmfjt 
gapBoUas denvativHi wbsssM sfanpls qunnGUdine oompoBnda do aot 



■BtINT won ON ANTmALARIAU 


191 


■Mm to hivfl baan invaatigatad. Stnnsaly anonghi the aathwntie 
aetkn of p-methozy gninolino la laaa than that of qirinnUna Haalf, 
irhenaa p-methozy qtuDoliiie-y-carboz]dic acid la afanoat canpktoly 
iaacbvei as might be anticipated from the preaemca of the deactivatiiig 
oarbozyl gioop. 

CH| 

I 



CH 

1 

CH- 

I 


-CHi 


CH— CHi— CHr-NH 


CO— CHr-CH, 

(ID 


Earlier attempts at preparation of aati-malariala were made by 
modifying the structures of cmchona alkaloids. The so-called "modi- 
fied allodolds’’ which were investigBted ware the carbozylic acids 
produced by the oxidation of the — CH'KlHi ( vmyl ) groop of the 
cmchona alkaloids to the — COOH group and their esters. 


Thus qumine, quinidine, cinchonme, cmchonidme gave qaintaninok 
qmtenidme i cmchotemne, and cmcdtotenidine. Quitenine (111) is 
found to be mactive but according to Gaisma, Weise, and Tropp^* the 
activity is regained m the ethyl ester called ethyl-quitanine on esteri- 
fication of the carboxyl group with ethyl akohol The iMthyl, propyl 
and other alkyl quitenmss have also been azamined, and the 
interestug generalisation has been drawn that antimalanal activity in- 
creases as the homologous series is as c ended, reaching a 
bytyl or amyl. Similar relationsbipa appear to hold good in the caaaa 
fi the esters of cmchotarndma, qmtanidinek and dnchotanina- However 
none of the compoonda aroroachea qaimne in efficiency againat bird 

mahrii,- 



CH^ 

CHi/'P' 
' CHt 


-CHI 


ICH-COOH 


CHi 
N 


Proceediiig co tbaaaa nmp tlo n tiiat the aatondaiy akohoho l^dko- 
tyl groop of qninine la essential for antimalanal activity Fbnma iad 
eottabocaters* have prepared a number of retativaly simpler amtoBako- 
liplacf the nafihthalaQe aeries like (IV), (V) and (VD of Wh^r nm 
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lUn (V), and (VI) ifwa active against bud motasia but inactive against 
hnnmn malaria. 

CHr-CHOH— CHi— N(El), 


NH— CHr-^HOH-CHr-N (Me). 


(V) 

0-CHr-CH OH-CHr-N (Me), 



(VI) 

A new and moat promuing clue in the search for synthetical anti* 
moiariaia hos been pTOvided by the discovery m 1926 of piasmoqnin, a 
synthetic qmnoline derivative. The structure of the drug is not known 
with cortauty, but according to Hdrlein, the director of tiie phannacen* 
department of the I. G Farbemndustnei the compound is N* 
(liethylamiiio*iBopentyl'84mino-6-methozy quinoline ( VII ), thus 
diflbnng from quimne chiefly m the absence of the qumndidine 
nuclras with the two intennedate methylene groups. 



w 

(Et),N-(CHOr-CHMe.NH (VII) 

First biological experimenta ware earned out with tbs now 
.yw imnnd Qo the potasites of turd malaria, in the case of canaries 
which were found to be most suitable for the porpoee by RoehL Ibe 
experiments wsrs thsn extended to hnnian malaria, in wbidi some 
\na adiieved. Altboui^ tiie hi^ hopes en t e r tained fog 
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yJitfiwqttb in the beginning have not boon folly nahaedt it la a 
oompoond of gnat value in the treatment of malaria in human beinga 

The antimalarial efibcta of plasmoqam were first demonstrated by 
the use of Roll’s techniqne, which depeoda on the hurt that it is 
posaiUe to infect birds with plasmoqnb relictnm, thus communicating 
to them a malady, the evolution of which resembles that of human 
malana. 

By means of this new procedure, the activity of a synthetic 
compound can be so easily tested that it may be hoped that plasmo- 
qub IS bat the first of a senes of still more efficient antimar uJa to be 
discovered in future. 

Since the discovery of plasmoquin, which apart from the anchona 
alkaloids is the only known compound which has shown promise 
In the treatment of human malaria, it has been largely adopted by 
subsequent workers as model upon which to base the synthesis of new 
compcmnds. 

In Bn^and, systematic research on synthesis of new antunalarials, 
planned as a campaign against malaria, baa been imtiated by Barger 
and Robmson,^ with the co-operation of the joint Committee on 
Chemotherapy formed by the Medical Research Council and the 
Deportment of Scientific and Industrial Research, and a number of 
new oompoonda of possible antimalanal activity have been made to 
which a brief reference may be made. 

Ammoalkyl quinolines of the types (VIII) and (IX) bearing 
structural resemblance to plasmoquin, have been synthesised by 
Baldwin,* and ammoalkylqainoliDium salts by Sheshadru* Kermack 
and Smith* prepared 4-piperidino>and 4-piparazino-2-methyl 
quinolmea , while Kermack and Muir * have extended the work by - 
subshtution of a more complex szdechain containing two nitrogen 
atoms in place of tbe simple piperidine or piperazine ring. Of a 
difibrent type are tbe pyrrole-qumolmes obtained by Mrs. Robinson,* 
showing similarity to the alkaloids hannine and harmaluiB^ which are 
known to possess antimalarial action. 



(Viip 


Aik. 


NH-(CH|Jx-NH, 

IX. 



294 JODXNALOrTBBUNnrBUITTOrBOIIBAT 

It IsgntdyitisrtODOtB that mom work m thia dinctha taM ate 
been done in India. 

J. N. Ray and ooUaborators^ have qnidteiiiad aevenl oompoonda 
amongat which ixe a j^yoxahno-gnindine, pynyl-indoleib and oaodenaa^ 
tion pndncte of cotamme and phenob. 

Brahmachan and ooworkers^^ have prepend a nanber of qnino* 
line derivabves inclnding dimethyl-annno-atynyl-qainolineai qninolip^ 
anudo-acetaniides, cazbamido^ninolines, qninoIine-amino-BoetylrP' 
araemlllC aads and ft./iATninna11cyl.AiinA>.qtmiAHn««. 

As the resolts of the biological tests on the thenpentic activl* 
ties of many of the synthetic compounds leferred to in the artide. on 
not yet published, it is not possiUe at this stage to make aqy genera- 
lisations. 
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ABSORPTION OF LIGHT IN POLYATOMIC 
MOLECULES 
By 

B, K. VAIDYA, M. Sc. (Bombay), Ph. D. (Liverpool). 

Rutaroh FtUow, Department ofGenurat Chemutrjh indum 
InaMute ef Saenee, Bangalore. 

Stodiea id tiie absorption spectra of abtations in the oltia violet 
and the visible region of the apectmm have yielded results which are 
of great importance to the chemist, inasmucb as they have given 
sofiScient clues to deade between possible alternatives in the stmctora 
of complex orgamc molecules. Such studies have often been employed 
m the identification and purification of certain organic oomponnds. A 
detailed knowledge of the light absorption in various subatancea has 
also proved useful m devising light filters for the isolation of varions 
radiations in the different parts of the spectmm. Besides these prachcal 
applications, on the theoretical side observations on the absorption 
spectra of a large number of coloured and colourless compounds have 
enabled many workers to propose theories regardmg the relations 
between the colour and the constitution of orgamc compounds In this 
way certam groups of atoms m the complex molecule are recognised as 
the seat of colour, while the others are supposed to help the formatioo 
of colour. These theories interesting and mstmctive as they are, have 
met with little sucoess, as they give no quantitative information as to the 
position and mtensity of an absorption band m a given compound, nor 
any insight into the mechanism by which the light energy is absorbed 
b a molecule. 

Baly* and later Henn* and others proposed a theory of a semi* 
quantitative nature regarding the position of the absorption bands in the 
ultra violet region. According to these authors the position of an ultra 
violet absorption band is mainly governed by one ei the fundamental 
vibration frequencies of the molecule in the infra-red region of the 
spectrum. The infra-red frequency when multiphed by a smtable 
whole number gives the exact position of the absorbed ultra violet 
frequency. The idea underlying this rdation is that the molecnie 
absorbs a da&iite number of quanta of lower energy wbidi appears 
later on la the ultra violet as one whole larger quantum. Nofix^ mb 
is given regarding the selection of the particular infr»red freqnenqrand 
obvioody, tbs ooe suited for the purpose is dmsan. Moreover, it is 
now Witt wmgniisd, that tha ultra violet or the vbiblei abnrptbn b 
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infloenoed by the energy of the oater electron! m a molecalar Fystem» 
while the inner vibrations ot the kernels or the nnclei which have oon- 
siderably lower eDergy^ are mainly responsible for the absorption in the 
near infra-red. No defimte relation between these two energiest 
electronic and vibrational m a given molecalar etatSt u yet known. 
However, it may be noted, that some diatomic mdecnles of which the 
electronic and vibrational frequencies m a given state are definitdy 
known from the recent data on the band spectra, do show simple rela- 
tions which may not be merely a matter of coinddenoe. In Table 1, the 
electromc (v ) and the vibrational (vv) ground frequencies for some of 
the excited states of the CO molecule are given. It will be seen that 
the former is a whole multiple (n) of the latter, and the deviation from 
the observed value of Vo is only about 0 5 per cent. Other mstancas 
of a similar type can be quoted. 


Table 1. 


v.». 

n 

nx V 
calc. 

V.* 

obs 

19H ' 

52 

99528 


2081 5 

42 

87423 

86892 

1497 63 

43 

64398 

64729 

1105 

58 

64090 

64060 

1173 

49 

57477 

57763 

1726 5 

28 

48342 

48530 


Any approach to the subject of the light absorption in polyatomic 
molecules must be made with caution Before we can give a oompleta 
explanation of the absorption by a molecule m the free gaseous state, 
ideas regardiug the absorption by solutions or even by liquid substances 
are likely to be in error. As yet the mechanism of light absorption, in 
the infra red and the visible or the ultra violet, is understood to a hdr 
degree of accuracy, only m the case of simple diatomic molecules m 
their stable or metastable forms. The best we can do therefore, for 
the polyatomic molecules, is to proceed from the analogies offered by 
the diatomic molecules, and utilise such of the data as are availaUe 
from the band absorption of such molecdes. 

The analysis of the absorption band spectrum of a diatomic mole- 
cule gives the energy value of the outer electrons, as also the valnes of 
the nuclear energy of vibration m the ground and the vanous excited 
states. The ground vibrational frequency thus obtained m the lowest 
energy state of the molecule should then be comparable with its fonda- 
mental frequency in the infra-red. In Table II, the third oolunm shows 
the value of the abeorbed infra-red frequenpy, as msaeured dlnctiy or 
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u obtftlntd from tbe data on tha Raman eflbct. Tha foortfa column 
ahowa the same value as foond from the band epectra. 

Table n. 


\nbration fluency m diatomic molecules. 


MoIkb]. 

Bond 

v‘. 

(i r.) 

v», 

(band sp.) 

Molecul. 

Bond 

1 

(band sp.) 

Hi 

H-H 

4155 

4264 

HCl 

H-Cl 

2780 

2840 

Ni 

N = N 

2329 

2345 

HBr 

H-Br 

2479 

2603 

Oi 

0»0 

1552 

1565 

HI 

H-I 

2233 


Pf 

P-P 

468 

450 

CO 

C-O 

2155 

2149 

s, 

s-s 

470 

426 

NO 

N-O 

1877 

1892 

cii 

Cl-CI 

556 

561 






The fair amount of agreement observed in Table II, between the 
values of vibration frequencies as obtained by the two independent 
methods^ leads us farther to examme the question of polyatomic mde- 
cules. 

A characteristic feature of the polyatomic molecules as revealed 
by the Raman efibct, is that the vibration frequency of any of the indl- 
vkloal atomic linkages in them remains constant wltUn narrow limits^ 
whatever the general structure of the molecule. Thus such groups as 
C— H, C*0, C*C, C»N etc, have definite frequencies whlci are 
always found in tbe molecules containing than. Furthermore, It is 
interesting to note that these atomic linkages when present m the free 
diatomic states again exhibit the very same frequencies in their ground 
vibrational states. Table 111 shows a comparison of the vibratkm 
frequencies of some of the diatomic groups, in the oombmed and in 
tbe free state. 

Table HI. 

Vibration frequencies in diatomic groups. 


Mol«ci;la 

Boqd 

vS 

Raman 

band sp. 

^Molecule 

Bond 

Raman 

vS 

bandep 

CH, 

C-H 

2910 

2815 

BtCU 

Bi-a 

mu 

8U*aQ7 

CiHi 

C"C 

1630 

1630 

SoCU 

Sn-Cl 


3SW»* 

Carbonyl 

C-O 

1722 

1724*» 

0, 

Si-0 

802,1227 

844*1296 

Nitrile 

C-N 

2172 

2144* 

Sulphate 

S-O 


889*1124 

N|0 

N-O 

2223 

2345* 


Cr-O 

787,870 

748*887 

NO 

N-O 

1877 

1892 

Vanadate 

V-O 

870 


Nitrate 

N-O 

1047 

1030* 

Ma^aaiti 

Mn-0 

788,833 

78r88f 


U. 
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According to this table we recognise for the first time that the 
uxlividoahty of a diatomic group, as regards its cbaractenatlc vibration 
frequency is always preserved, either in the free state or while forming 
the part of a molecule. This is, however, not the case with the electro- 
nic frequency, for the electronic energy of a diatomic molecule would 
suffer much change while forming the part of a polyatomic molecule. 
Here, on account of the neighbouring linkages and the heavier mass 
of the system as a whole, the electronic energy would be considerably 
damped, with the result that the absorption wave lengths in the visi- 
ble or the ultraviolet are shifted towards the red side of the spectrum, 
the amount of shift veirying with the degree of damping. The decrease 
in the electronic energy of the diatomic system would also lower the 
number of possible vibrational transitions between the two electronic 
states, and, therefore, the region of absorption now covered by the 
polyatomic molecule is shorter than before 

In order to test the correctness of the views given above, we have 
to look for the actual band spectra of a large number of molecules 
m absorption. It is found, however, that only a few of these have been 
mvestigated so far, mainly because their analysis is rendered difficult 
on account of their complexity* The mam vibration frequency in 
each of them however is easily found from the separation of the 
principal band heads. This would give us the frequency of that part 
of the molecule which causes in general the absorption of light, and 
thus wo should identify the absorbing group by comparing the 
principal vibration frequency of the molecule with that of the absorb- 
ing group in the diatomic state In the following table, the principal 
vibration frequencies, together with the frequencies of the active group 
in the free state, for some of the molecules are given (Table IV ) 

The results shown in the above table confirm the views outlined 
before It is also found that m the instances cited above, the origmal 
band system of the active group is displaced towards the red end, and 
the region covered m absorption is also much smaller. Further 
It will be seen that the active group is more unsaturated m character, 
relative to the rest of the molecule. It may be concluded therefore, 
that m organic molecules such groups asC = 0, C = C, C^N, N*N 
and others form the mam seat of absorption 

Some of the vibration frequencies as observed m the band spectra 
are marked with an asterisk in table III and IV. These represent the 
vibration frequency of the diatomic molecule m one of the observed 
excited molecular state. When this same frequency occurs m absorp- 
tion in a polyatomic molecule, it probably means that the diatomic 
group in question is m an exated state, and imparts to the molecule 
Its observed chemical activities* It would be possible to clarify 
this pomt, if we could observe any change in the vibration freqioeopy 
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Table IV. 


Principal vibration frequencies in polyatomic molecules. 


Molecule 

Active 

group 

Polyatomic 

Frequency 

Frequency in Diatomic State. 

Formaldehyde* 

i 

1120 

1182'" Hop6eld Bitge 

upper leveL 


m 

1723 

1724* Cameron upper 

level. 

Phosgene^ 

SI 

422 

2149~1724* Cameron system. 

Benzoqmnone^ 

c = o 

1110 

1105* Merton- Johnson 

upper level. 

1182* Hopfield Birge 

upper level 


C-0 

422 

2149^1724* Cameron system. 

Diacctyl® 

c=o 

1411 

1497* 4th. positive up- 

per level. 

Glyoxal* 

c=o 

1418 

1497* 4th. positive up- 

per level. 

Hydrazine* ... 

N = N 

470 

• 1 . 

Azobenzene'® , 

N = N 

652 

2^45'^'1679* Birge Hopfield 
al»-system 


of the molecule by suitable electronic excitation. This exatation 
could be brought about by the absorption of light in the visible or the 
ultra violet If then, for such a molecule, Raman photographs are 
secured, while the same is exposed to the ultra violet light, the scat- 
tered radiations on the spectrograms would be different from those 
observed ordinarily i e when the exciting ultra violet light is absent. 
Such experiments would be possible only where the absorbed radiations 
do not bring about any immediate chemical change in the system, 
or cause fluorescence in the molecule. Some of the results of Ghosh 
may be cited to support this argument. These are shown in table V 
The frequency shifts which are common to the ordinary visible 
excitation, as well as to the ultra violet excitation, ore omitted from the 
table. Those of the frequencies which are present exclusively under 
the ultra violet excitation ore shown in the second column, while the 
third column shows the frequencies which are observed ordinarily 
in glass apparatus which cuts off most of the ultra violet light, and 
which are totally absent when quartz apparatus transmitting all the 
radiations is used This difference m the two cases is not due to any 
failure to observe some of the £amt lines m the spectrograms. For 
example, if this were so there is no reason why such a atrcmg line 
due to the frequency shift 426 m the case of ethyl alcohol should be 
totally absent when the same substance is under the infln^n f ;^ of the 
qltra violet radia^ns, There no doubt that m the latter w^ aro 
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dealing with a molecnla which has chaagad ita vSmtion freqiiaiicy dm 
to a chonga ia the moiawilaf anaigy laval, ante tlia inflaaocn of 
absorbad tadhtloas. However, ha otdar to draw any oondoaioa aa to 
the margy laval reached by a molecnla as a rasnlt of liidit abeorptaon 
we need mnch more data, obtained from an aiamlnation under atrictly 
controlled conditions, of a large number of sabetanoea. 


Table V. 

Raman fregnencwa in excited moleailes. 


Molecule 

Ultraviolet 

exatation 

Visible 

eicitation* 

Methyl alcohol 
Ethyl alcohol 

506,2741 

no difference 
426, 1094, 1273 

Acetic fldd 

288. 376, 

440 

Ethyl formate 

1002, 1276 
609, 1013 

2878 

Ethyl acetate 

ee • 

938, 1005, 1044 

Sodium acetate 

e •• 

647, 1649 

Ethyl malouate 

tee 

L. . 

2875. 


From what has been said above, it woold be snffioently clear 
that the whole question of the absorption of light in polyatomic mola* 
culae needs a re*exBmltiation In the light of the new knowledge gained 
bom the bcuod spectra and the Raman eflbct. While the aiistbig data 
on the lolatioisa are useful for their practical appbcations, in order to 
underMaad anything regarding the mechanism of light abearpthni, wa 
need more quantitative experunents, probably abnig the linei anggeeted 
in Ola paper. 
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THE BLEACHING OP SHELLAC 

B» 

N. NAttNSlMHA MURTV 

Shelkc is not a single chemical componnd bat oondsts of a mixture 
of several resm acids, wax and a ooloanng matter called erythiolacdn, 
^The bleaching of such a complex material is a delicate operation espe* 
dally as shellac is prone to become insoliible on contmned heating or 
Id Odntoct with hydrochloric acid, or become hydndysed to a sticky n- 
hhkws mass on contact with caustic alkali A physical method of 6b> 
talhlhg a pale reslh would be to extract the ooloanng matter, erythro* 
kcdn wltit ethef leaving behind about 70% of the original ahelloc whioh 
frittu alcohol solntions gives a coloorless film. Bat aadi a film is brh- 
tIS and lacks adhesion as the ether extracts, besides the oolouni« matter, 
the Msln odds which impart to shellac its aniqua pro p ert y of good 
fldhesion and todgfaness combined with hardness. 

The ookitiring matter could be removed as described by Wolff (l) 
by filtering the alcoholic solution of shellac through arnmal dtatoaoL 
Bat the bleaching is Incomplete and uneoonomicaL 

According to a method by Datt (2) the ethyl alcohol solation of 
shellac is neutralized by ammonia, ethyl amine, or calcnim oxide and 
agitated With Indian baniite, and filtered. 

According to Daum (3) the colouring matter is first taken up by fat 
( s. g. by treating shellac with a hot aqueoos solation of cocoanot oil ) 
and the fat with the ooloanng matter is then extractsd with pattolenm 
ether. 

Among the chemical methods of bleaching may be mentioned 
sevmd prootsses which involve the oxidation of the colouring matter. 
By leaving dwUac m contact with hydrogen peroxide for several days a 
light coloured resin can be obtamed The bleaching is, however, inoom* 
plate and coetly. Hydrogen peroxide does not bleach alkalme eolations 
of shellac. According to Venngopalan (4) redncing agents like snlphur* 
one acid give a green coloured product, the decolonzation being inoom* 
plete. Treatment of shellac with drastic oxldizmg agents like nitric 
add leaves bdund a yellow sticky mass, the rapture of the heavy 
of ream acids taking place at the donUe bond and hydroxyl 

groops. 

The most common bleaching agent is chlorine. Oh aceohnt of Its 
great activitjf and tbs poesibilitjr of rehd erin g shdlac inSQldbft! 
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direct cblonnation of shellac is not feasible. Bat this can be accom- 
plished according to the method of Gratzel (5) by leading mto the 
alkaline solation of shellac chlorine which has been dilated with a large 
quantity of air or other inactive gases. It is more convenienti how- 
ever! to add chlorine m the form of sodium hypochlorite. According 
to the method of Rosenhagen (6) the production of sodium hypochlorite 
from sodium chloride and bleaching of shellac is carried out electroly- 
tically m one operation. 

Sodium hypochlorite should be prepared fresh every time before 
bleaching, the method described by Zoller (7) being most convenient. 
Bleaching is best carried out between 30^ to 34^C. 

The chief factor that enters into the economy of bleaching shellac 
on a commercial scale, especially in India, is the cost of sodium hypo- 
chlorite Hence professional bleachers should select low hypochlorite 
consuming shellacs consistant with price. Shellac in general consumes 
less hypochlorite than seed lac, being comparatively free from the dye 
laocaic acid and nitrogenous matter. But there is a tendency among 
bleachers now-adays to use more and more seed lac for bleachu^, 
partly on account of its cheaper price and partly because the wax can 
be easily filtered out of the hot alkaline solution, whereas^ with shellaci 
the wax is in a more stable suspension owing to the previous heat 
treatment it has undergone, and filtration is difficult Addition of a 
small quantity of kieselguhr to the solution and stirring makes the 
removal of wax easier 

Seed lac contains in varying amounts lac dye, insect scarf, and 
woody material as impurities, and these are chiefly responsible for the 
increased consumption of the bleaching agent One gramme of water 
extractable material consisting of laccaic acid, sugars, and proteins is 
present on an average in every 20 gm of stick lac, and one gramme of 
this extracted material requires for bleaching its alkaline solution to a 
yellow colour 42 c.c. of a solution of hypochlorite (containing 3 % 
available chlorine ), whereas 20 gm of a well washed Khair seed lac 
takes only 30 c.c. of the some hypochlorite solution for bleaching its 
alkabne solution to a light wine colour. 

More than the dye the albummous matter and the ammonia salts 
present in seed lac are responsible for the excess of sodium hypochlorite 
consumed. This is evident from the followup experiment 15 gm. of 
a sample of shellac required 28 c.c. of sodium hypochlorite ( having 3 % 
available chlorine ) for bleadung its alkaline solution to a light wine 
colour But when its nitrogen content was raised by half per cent 
addition of ammonium sulphate to the alkaline solution it required 62 
C.C. of the same bleaching solution. When its nitrogen content was 
raised by one per cent, it required 91 c,c. of the hypochlorite; thq 
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UeochiDg waa still onsatiahctory and the colour teoded to return on 
keeping the solution. 

The dye and the albuminous matter can» howeveri be easily wash- 
ed out if the freshly cut lac is immediately washed, as then the dye 
and the albuminous matter will be in a soft condition. But with 
stick lacs stored for a long tune the dye and the albuminous matter will 
have hardened and it will be difficult to wash away these from the 
interstices of the lac grams The water used m washing must not be 
bard, otherwise, the removal of the dye from the seed lac will be in- 
complete due to the precipitation of calcium salt of laccaic acid m the 
interstices of the lac gram. 

Washing with Fuller's earth, or with weak alkalies such as 
sodium carbonate or borax will be useful The greater the concentra- 
tion of sodium carbonate the easier it is to remove the dye , but, at the 
same tune, loss la encountered on account of a portion of the lac also 
getting into solution and being washed away Hence a compromise 
has to be effected The advantage of washing with sodium carbonate 
will be dear from the following experiment A sample of ' punki’ stick 
lac gave on machine washing with tap water a 68% yield of seed lac. 
20 gm of this seed lac required 82 c c. of sodium hypochlorite solution 
( containing 3% available chlorine } for bleaching its alkalme solution* 
Further mechanical washing of this seed lac with 0 025% sodium 
carbonate solution resulted in a loss of 2% of seed lac But 20 gm. of 
this seed lac now required only 70 c c of the hypochlorite solution The 
concentration of the sodium carbonate solution could be increased up 
to 0 1% with beneficial results. 

In dealing with shellac we have to deal with different impurities, 
namely resin and orpiment Resm is present in most TN samples 
being added during its manufacture in order to help the melting 
of difficultly fusible lacs It has no adverse effect on bleaching. 
Orpiment on the other hand which is added to lighten the colour of TN 
shellacs has a marked effect in mcreasmg the quantity of bleach re 
quired. So long as appearance remains one of the chief critenons m 
the purchase of shellac orpiment will contmue to be an ingredient of 
TN grades. It is desirable to know, however, to what extent its 
presence can be tolerated m bleaching 

To obtain definite information on this subject it is necessary to 
compare samples made from the same seed lac with and without orpi- 
ment. This IS of extreme importance as some dark coloured samples 
require more than twice the quantity of bleach that is required for 
light coloured ones. Seed lacs ranging from fairly light colour to dark 
colour were taken and various amounts of orpiment inoorporatecL 
10 gm. of the above powdered samples were dissolved m 100 c.c* 
of sodium carbonate solutions of various strengths at 60^-65^C on a 
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water bath for 2 to 3 hours and the solation then decanted. Sodtoni 
hypochlorite solution whose available chlonne had been prsvioosly 
determined and adjusted to contain 47% available chlofina was added 
in lots of 3 C.C. b the beginning and in fractions of one ex. towards the 
and of bleaching, ( the next lot being always added after ensoring the 
absence of free chlonne with the help of staxch-iodide papeS ). The 
results are incorp o rated in Table 1. 

Table I. 


Sample 

Na 

Orpiment 

content 

% 

1 

C.C. of bleach required in solation of 

1% Na^Oi 

2 

2%NaiCOi 

3 

5%NaiCO| 

4 

I (control) 

1 

mi 

118 

140 

14 5 

2 

1 2 

121 


18 5 

3 

23 

12-6 

215 

1 ft 

4 (control) 

ml 

100 

s • 

• IS 

5 



■ e 

• 1 i 

6 

0 25 

10 5 



7 (control) 

nil 

ft 

12-0 

*«e 

8 

0 08 


12 2 

• •• 

9 

015 

ft ft ft 

12*3 


10 

0 30 

• 

13 4 

• t s 


It will be evident from the table that with increaeu^ qnwhty of 
orpunent the amount of bleach lequved mcreasea. With 
quantities of orpiment, t e. below 0 3%, the difference is atwaii. \yhW> 
the concentration of alkali is inaeased, however, tbs 
comes marked (vertical columns 3 and 4 m Table I ). Thig iq to bo 
expected as with increasing concentration of alkali more orpimsnt gPia 
into solution. It was also noticed that when the 
were treated with excess of hypochlorite the oontrole took the i f i t* 
tune to attam the light colour while the others took lotger penodl io 
order of their orpunent content. 

The feet that orpunent uses up a portuin of the hypochlorite fe 
established thus. A sodium carbonate solution of 0*1 gm. of predpl. 
feted orpunent ( AsiSi ) is left m contact with a known ef 

standard sodium hypochlorite solotioa for 72 boots, the tunieed avail, 
able chlonne being detexmmed at the end of that psriod. It is 
















OB shellac JOS 

bgr thk metiiod tbat 5-3 c£. of Bodhun lOTOchlorite aolotioa (fasting 
4*76% available chlorine) is taken ap by fay 0*1 gm. of or^ment 

The concentration of aodiom carbonate aohitkm itself inflwmoeB 
the amoont of sodium hypochlorite consumed even when orpiment is 
absent This is clear from TaUe II. Vertical coiamns 2 and 3 represent 
m cc. the amount of bleach (having 5% available chlorine) required for 
lOgm. of shellac. 


Table II. 


1 

2 

3 

Concentration 

Shellac 

Shellac 

of NaiCOs 

(light coloured) 

1 

(dork coloured) 

1% 

110 

55 

2% 

115 

59 

5% 

13 5 

6*5 


Increase of alkalimty often results m the preapitation of a gelabn- 
ona mnaa of shellac. Another danger of higher concentration of alkali 
is the hydrolysis that will be brought about while dissolving. It is 
therefore preferable to dissolve shellac m a carbonate solution less 
than 2% strong. Some old lacs take longer tune to dissolve m this 
ooncentratioo, preliminary swellmg taking place before dissolving. 

When the pleaching operation involves the use of large qnanfaties 
of hypochlorite the qnahty of the resultmg bleached lac is generally 
poor. The colour is dull and the bleached lac soon becomes insoloble. 

Apart from the oudation of the colouring matter durug bleaching, 
chlonne adds itself at the double bond of the resmons constituenta of 
shellac. Hence the iodine value decreases from about 18 m ordinary 
shellac to about 9 m bleached lac. Addition of a trace of cobalt 
hydrate is helpful during bleaching, the action of cobalt hydrate 
on sodium hypochbrite being the liberation of oxygen, which is snppoe* 
ed to direct the process of bleaching chiefly towards one of oxidation. 
The presence of sodium silicate is also supposed to increase the 
efiBdtticy of sodium hypodilorite. 

After completion of bleaching, the alkaline solution may be parti- 
ally neutralised and concentrated, and this solution can be used as 
such for playing cards, for stiffening felt hats, and as idoy enbstitate. 
F« obtaining the solid resin the alkali is neutralued with hydrochloric 
aad (dilnta), dilute sulphuric aad, or acetic aad. The first one gives 
amors granular precipitate d bleached fau^ while acetic add gtves 
a product which has lees tendency to beoome infusible. In order to 
mitigate the harmful effsct of any free dilonae pceeoat tfaa 
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aolntioa la treated with sodium sulphite before the pceapitatioiii or, as 
recomtneoded by Watson and Molany (8), the granular precipitate of 
bleached lac is treated with sodium thiosulphate solution before 
washing. The last traces of electrolyte which are ordinarily difficult 
to remove by washing can be removed from bleached lac by electro- 
dialysis. The resulting bleached lac can be stored m the form of 
dry powder ( vacuum dried containing about 6^ moisture ), or under 
water, or m the form of spirit varmsL When stored under water 
bleached lac retams its solubility for a longer time because the 
hydrochloric aad formed from the chlorine present in bleached lac gets 
diluted by the water Spirit solutions of bleached lac become nondry- 
ing when preserved for a long time. The chlonne present m bleached 
lac forma hydrochloric acid in presence of moisture which acts as 
a catalyst bringing about the esterification of bleached lac with alcohol. 
The ester being like molasses in consistancy renders the film tacky. 
Owing to these defects too much time should not be allowed to lapse 
between production and consumption of bleached lac. 
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LIFE AND WORK OF SIR P. C. RAY, Kt., C.I.E., 

Ph. D., D. Sc. 

By 

NATAPRASADkIXSc. 

Roytd Inshtute of Sotenot, Bombay. 

A brilliant chemist, Professor Sir P. C. Ray, is aptly known aa 
the Father of Chemical Research m India. Not only he has been him- 
self enthosiastically engaging his attention in the pursuit of Chemistry 
but he has always been ready to sacrifice his all for mspiriog the love 
for research among students who were fortunate to sit at his feet 

The Indian Chemical Society has recently published a Jubilee 
Volume to commemorate the valuable services rendered by Sur P. C. 
Ray to the cause of saence. The publication, in this volume of the 
Bombay University Jopmal, of the folbwing short account of Prof. 
Ray’s life and the scientific work done by him will be a fitting apprecu- 
tion of his achievements. 

PrafuUa Chandra was born on 2nd August, 1861 m a amnll 
village m Khulna District m BengaL His father was a very enhghtoo- 
ed person and took keen mterest m education. He himself was a good 
scholar of Persian and also knew a little bit of Arabic and Sanskrit. 
Beug a person of advanced views he felt the need of educating the boys 
and girls of his village and to that end be started the first Gurl’s School 
and a Middle English School, mostly at his own expense. 

PrafuUa Chandra and bis two elder brothers were given their 
early education at their father's school which is stiU m existence. To 
enable bis elder brother who had passed the minor scholarship exammap 
tion, to prosecute his studies further the family moved to Calcutta m 
August, 1870. PrafuUa Chandra was admitted mto the Hare School 
where he had a very distinguished career. But in August, 1874 he got 
a severe attack of dysentry and had to give op his studies for two 
years. While a student of the Hare School and dormg his illness Pta- 
fuUa Chandra read the works of several En^ish writers and contriy.i'f Ki 
a liking for English literature. At about the same time he was struck 
with the dose sunilanty of Latm to Sanskrit and lost no time in learn- 
ing up the new language. 

After bis recovery— the attack of dysentry having left him a per- 
manent valetudinarian— he took admission into the Albert School wiiete 
bf wai moch liked fay his class teachers and his liking for the Bt^jUab 
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Utoratoro grew bto love becanee of the exodlent liiethod of tearhlng of 
Knahna Behaiy Sen, tiie rector of the ecbooL 

After the Entrance Examination Prafolla Chandra joined 

the Metropolitan Institntion particalarly with a view to reoaiva in- 
stmctions in English literature, prose and poetry, from Sir Sarandsa- 
nath Banerjee and Prasanna Kumar Lahin who ware distingniahed 
teachers of the subject While a student of the Institution he was alao 
attending the lectures in Physics and Chemistry at the Presidency 
College^ Calcutta, as an external student It was at this time that the 
seeds for a rich harvest were sown. Prafulla Chandra was very much 
influenced hy the lectures and the experimental skill of Prof. Sir 
Alexander Pedler and began to acquire a taste for chemistry. He soon 
saw that the future progress of India depended upon the advancement 
of saentific education. 

At about the same time Prafulla Chandra appeared privately for 
the Gilchrist Scholarship examination and was one of the two Indian 
winners. This gave him an opportunity to go to Europe to prosecnte 
his further studies in chemistry. His parents did not object to his go- 
ing out of India and he proceeded to England with the idea of joining 
the University of Edinburgh which was in those dajrs considered to be a 
seat of learning He received his lessons m chemistry from Professor 
Alexander Crum Brown under whom he afterwards worked for the 
degree of Doctorate of Saence. He took the B.Sc. degree in 1865 and 
D Sc. in 1887 on the submission of a thesis. Some of this work has 
been published in Dr. Ray's first paper on 'Mixed donble sul- 
phates of copper and magnesium group ' m the proceedings of the 
Royal Society of Edinburgh. 

Dr. Ray was the recepient of the Hope Prize Scholarship m chemis- 
try during 1887-88 and this gave him an opportunity of assisting Pr> 
fessor Brown and Dr Gibson m the laboratory teachmg. The same 
year he was elected as the Vice-President of the Edmbnrgh Chemical 
Society. Professor Sir James Walker who has lately retired from the 
rhftir of Physical Chemistry at the Edinburgh Umversity and Profes- 
sor Hugh Marshall, the discoverer of persulphuric acid, were his 
colleagues at the chemical laboratory. 

In 1888, Dr. Ray returned to India. A year after, he was ^i- 
pointed as an assistant professor of chemistry at the Presidency College^ 
Calcutta, where he ultimately succeeded Professor Pedler. Soon after 
his appomtment he started research work on various problems bat it 
was m 1896 that Dr. Ray made his celebrated discovery of mercurous 
mtnte. He found that when dilute mtnc acid is placed In contact 
with mercury at about 30°, fine yellow n eedles of mercurous mtnte ate 
deposited on the surface of mercury. Thus be was the first not only 
tQ Indicate the qoda of formation ^t to isolate ^ tnercntoug 
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•tit which WB8 than ankoown to the chemical world. The lesnlts of 
tUt remarhable dlacovery were pabliebed the same ^etr b ibe Jooraal 
of toe Aaiatic Sodetyi Bet^t Zeitfichnft for Anorganisdieii Chamia 
and b the ProceediogB of the Chemical Society, London, and Dr. Ray 
entered opon a new era of his scientific career. He then proceeded to 
study the chemical behaviour of mercurous mtrite and found that it 
•lowly dissolves b the mother Itqour forming (t) Hgs (NOt)i and (ii) a 
basic nitrate. When a solution of mercurous mtrite is spontaneously 
evaporated (i) Hgs (NOi)i, 2 H|0, (ii) two basic mercuroso-mercunc 
nitrites and (ui) a basic mercuric-nitnte are formed. When mercurooa 
nitrite is dissolved b water 78% of It gets dissociated into mercurous 
mercury and mercoiic mtrate, the limit to dissociation being caused 
by the formation of a stable compound mercuroso-mercunc nitrite. 

While attempting to elucidate the mechanism of the formation of 
tnercorous nitnte Dr. Ray took no time in finding that the presence of 
nitrous acid is essential for the dissolution of mercury into mtnc acid. 
In toe early stages the reaction mtnc acid and zutrooa acid, which is 
always present in mtnc acid m small amounts, both react with 
mercury as 

2 Hg+NOi lH+HOl . NO» = Hg» (NOi)i +HiO 

Later on the lutnc acid reacts with mercnric nitrite yielding mercurous 
nitrate and nitrous acid. After some time the quantity of mtious aad 
teaches a constant valne and it then begins to act as a catalytic agent 
between mtnc acid and mercury. The third stage of the reaction is 
then represented by 

4 Hg+4 HNO,=Kg, (NO,), + Hg, (N0,),+ 2H,0 
The rate of this reaction of mercury with nitric aad was found by him 
to be influenced appreciably by the presence of other substances : it 
was retarded by ferrous and feme salts and accelerated by the salts of 
sodium and manganese. 

When mercurous mtrite is heated it decomposes mto mercuroos 
mtrate and mtnc oxide mixed with very little mtrogen peroxide and 
there also ^pear small quantities of metallic mercury, orange coloured 
mercniy oxide and a basic mtrate. In order to explam the formation 
of the products of decomposition Dr. Ray assigned the oxylic, HgO. NO, 
and the non-oxylic, Hg. NO,, formulae to mercurous mtnte and 
enbstantiated them by the reaction of ethyl iodide with merenrona 
nitnte m which both ethyl mtnte and nitn>ethane ate obtamed. 

Enoontaged by these successes Dr. Ray opened np new avennea 
of research. From merenrons mtrite to mercuric and merenrona 
byponitntes was the next step. With this end in view he treated a 
sdntioo of mercurous mtnte with the sodium hypomtnte but found that 
^ iqiztore pf mepmrtc and mefcnpas bjrponitrites is formed* The 



310 


JOXTRNAL OP THB OKIVERSITy OP BOMBAY 


separation of the two hyponltrites was not diflSonlt for him. He soon 
fonod that if the eolation ol mercorous nitrite ie first treated with 
sodiam chloride and filtered and eodinm hyponitnte is then added to 
the filtrate a fairly pore sample of mercuric hyponitnte is obtained. 
However, Dr. Ray found later that a pure sample of mercunc hyponitnte 
could be readily prepared by the action of a concentrated solution of 
potassium cyanide on mercuric mtnte. 

A pure sample (rf mercurous hyponitnte was obtained by precipi- 
tating (i) mercuroso-mercunc mtnte with crude allcaline hyponitnte 
and (n) mercurous nitrate with carefully neutralised sodium hyponitrite. 
The mercurous hypomtrite dissolves in dilute mtric acid but the 
solution becomes opalescent on standing due to its dissociation mto 
mercury and mercuric nitrite On heatup, mercuroos hyponitnte 
decomposed The main products of decomposition are mercury, mercuric 
onde and oxides of nitrogen with small quantities of mercurous nitrite 
and mtrogen. This led Dr Ray to conclude that while being heated 
only half of the mercurous hypo-mtrite exists m the oxylic form 
Hg N O, while the other half assumes the imidic structure Hg O. N* 
N. O. Hg. 

When the filtrate obtained after the treatment of a solution of 
mercurous nitrite with sodium chloride was treated with excess of 
ammonia, a white precipitate of a new salt, dimercunammomum nitrate, 
2NHgiNOt,HsO, was obtained. This opened up a new field for m- 
vestigation and subsequently resulted in the preparation of a senes of 
compounds known as dunercuriammomum compounds On treating a 
solution of dimercuriammoDium mtnte with HCl and HBr, Dr Ray 
obtained another series of salts, mercuriammomum chloride and 
bromide the latter on treatment with KOH gave dimercunammomum 
chloride and bromide. But the action of mtne acid on NHg|N0},iH|0 
directly gave dimercunammomum nitrate identical with the compound 
obtained by the action of ammonia on mercuric nitrate. 

Dr. Ray’s work was now getting recognition. In order that Dr. 
Ray may come mto touch with up-to-date methods of research the 
Government of Bengal deputed him, in 1904, to visit the chemical 
laboratones m Europe. During his short stay, he himself worked on 
the dimercunammonium compounds at the Davy- Faraday laboratory 
and met a number of distinguished chemists m England and on the 
continent, chiefly Sir William Ramsay, James Dewar, F.mil Fisher, 
van’t Hoff and Berthelot who were pleased to take hun round their 
laboratories and to explain to him the unportant work done by them. 

On his return Dr. Ray started his mvestigation with redoubled 
vigour Because of its unstability, all attempts to obtam mercunc 
mtnte m the solid state had hitherto resulted in failure. Dr. Ray set 
bunself to work on the preparation Qf this unstable oompoond an4 
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found that if aqaimolecolar quantities of pore silver nitnta and merciinc 
chloride are rubbed together to a fine paste with water, a yellow 
solution IB obtained and this on concentrating under vacuum over sulphu- 
ric aad yields tufts of fine needles of Hg (NOi)i> When the needles 
are exposed to air, they readily decompose but they could be kept as 
such indefinitely m completely evacuated sealed tubes Dr. Ray had 
thus discovered a new techmque for the preparation of mercuric nitrite 
and was naturally led to the preparation of such other nitrites which 
easily decompose on exposure to air. He, however, boiled the mixture 
of silver mtrite and the chloride of the base in the case of fairly stable 
nitrites. He thus prepared nitrites of the alkali metals and of metals 
of the alkaline earth, but later on he found it more convenient to use 
barium nitrite and the sulphate of the base for the preparation of the 
mtrites of other metals. In the same way by using silver nitrite and 
the hydrochloride of a number of alkyl, iso-alkyl, aryl and alkyl-aryl 
amines he succeeded in preparing their ammonium nitrites. But when 
he attempted to prepare these nitrites by using mercuric mtrite and 
alkyl and aryl amines, he not only obtained the alkyl and aryl ammo- 
nium mtrites but also a series of mercuri-alkyl and mercuri-alkyl-aryl 
ammonium nitrites. 

Having obtained the various nitrites by the method of causing the 
substances to react by rubbing them together into paste with water. 
Dr. Ray extended the use of this method to the preparation of double 
mtntes of mercury with those of other metals He thus obtained a 
series of mercuric alkali-metal and mercunc alkaline earth metal 
nitrites. Further he showed that these nitrites and the mercnri-alkyl 
and mercun-aryl ammomum mtrites are complex and not the double 
salts, the mercury formmg the complex anion and the alkali metals 
and metals of the alkaline earth the cation. 

An attempt was then made to study some of the physical and chemical 
properties of these mtrites. He mainly studied their molecular volumes 
and the action of heat upon them. It was found that all mtrites decom- 
pose on heating. The decomposition products of the mtrites of alkali 
metals and those of alkaline earth were m general, oxides of mtrogen 
and a basic mtrate which on further heatmg broke up mto oxygen and 
the oxide of the metaL But the alkyl and the aryl nmmATiititn nitntes 
did not show any regularity m their behaviour on heating. In general 
they decomposed mto mtrogen or oxides of nitrogen and some other 
alkyl and aryl componnd depending npon the nature of the 
alkyl and the aryl group m a particular mtrite. Whilst Ray 
was m the midst of discovering new series of compounds ha 
yms called away from his work and had to proceed to Europe for the 
third tune to represent the Calcutta Umversity at the Coyi^reae pf the 
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Universities of the Empire m 1912 at London. He made the beat use 
of this opportunity by reading a paper on the vapoor density of am- 
monium nitrite before the Chemical Society. Dr. Ray had- imviously 
discovered that contrary to text-book statements^ acnmonium nitrite 
could be obtained in a stable crystallized condition. When an aqueoua 
solution of the salt is heated at 37-40^ in vacuum only a small amount 
is decomposed and at 70^ most of it sublimes unchanged. It created a 
mild sensation amongst the chemists when Dr. Ray presented the 
vapour density data, obtained with the assistance of Dr. N. R, Dhaii 
which showed that ammonium nitrite unlike ammonium chloride does 
not undergo dissociation. 

While in England, he received an mvitation from Sir Asutosh 
Mukherjee, the Vice-Chancellor of the Calcutta University, to occupy 
the newly founded chair of chemistry at the Umversity College of 
Science, Calcutta. He gladly accepted the offer and retired from the 
Presidency College in 1916 to take up the newly created Paht Pro- 
fessorship m Chemistry — the chair which he holds uptill to-day. 

Dr. Ray's later work, carried durii^ the years 1912-1916 at the 
Presidency College and from 1916 onwards at the laboratories of the 
Science college, forms a very important contribution to synthetic 
chemistry and the varying valency of certam metals. The method of 
preparing nitrites described in the previous pages was extended to the 
case of several other metals and cadmium, zinc and gadolinium nitrites 
were obtained. Also a series of alkaloidal derivatives of mercuric mtrite 
was prepared and the electrical conductivity measurements of aqueous 
solutions of some of them confirmed the previous conclusions that these 
are complex and not the double compounds. In a similar way a senes 
of mercun-alkyl and inercun-alkylaryl-ammomum chlorides was 
obtained 

When mercuric nitrite was treated with mercaptans, nitromercaptan 
R S HgNOs and compounds of the type R S,HgNO|,Hg(NO|)i were 
formed. Et S.HgNOs with ethyl iodide yields yellow tablets of Et|S|. 
Hgls-Etl which has been shown to be a sulphonium denvative, SRR'i. 
SRI. Hgl. 

When mercury mercaptide mtrite was similarly treated with butyl 
iodide it was found that one of the methyl groups is replaced by the 
butyl, yielding MeSi C 4 H 9 ,HgIs.C 4 H 9 l. It was observed that, in general^ 
the lighter radicals are mvanably displaced by heavier ones. Later ex- 
periments, however, showed that the ethyl group could be replaced by 
methyl provided the methyl iodide is taken in large excess, the di8|daoe- 
ment of one group by another being governed by the Law of Maas ActioiL 

Only two atoms of iodine of the aalpboninm compound were foand 
to be replaceable when its aqueous solution was treated with AgNO» 
for, as will be seen from the general formulai 
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the third atom of iodine forms a part of the complex radical (Hgl)* 
However in acetone solutions, Dr. Ray found that all the three atoms 
(rf iodine are precipitated quantitatively by AgNOi* He thus discovered 
a method <A preparing a series of disulphomum compounds in which all 
the atoms of iodine are replaced by other acid radicals on treating the di- 
sulphomum iodide by an acetone solution of the silver salt of the radicaL 
When 2-thio-3 idienyl-2 3 dihydro-1. 3; 4 thiodiazole disnlphidn 
was treated with HgNOi and the resolting product allowed to react 
with alkyl iodide an open chain omnpoand was obtained, 

gl R Hgl R 

R. NPh.N: CR-S SR »NR».N- CR.S sIr 

II .11 

II II 




?*' * 

NR,-NR-CR,S 


I 
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But if the reaction with ethyl iodide is carried ont in carbon d i sul p hide 
solution a ring compound is obtained, 

Hgl Et 

N. Ph. N Et 1 1 I M NPh 

I >CS--S.C< I 

CS S I I S CS 

I I 

When the dimercaptons of which 2:5*dithiol>l : 3 : 4-thlodiazole in 
a typical maniple, are sunilarly treated with HgNOi, the utrooe aad 
diastigsgaii la the reaction, oxidises the hydiogso atoms of two or mace 


S-Rf'. a ta O Hb . R" S H O ife R". s 


Hgg^ 




R' denotes 


-C:N.N:C- 


aR* s.aR’asR'.s 
I ( + NA+3 HsO 

Rg 0— Hg 
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and yields a closed chain snlpbozy compoond. Alkyl iodides niptun the 
ring and compoonda ot the type 



R^'—S— S — — S S S— Hgl are foniied« 

II II I 


The K>atoiD of the potassinm salts of the cyclic cnmpleic mono* 
mercaptides was fbond by Dr. Ray to be singularly reactave towards 
halog e nated organic compounds. But the potassinm salts of the 
dunercaptides were almost inert because two SK gronps of these salts 
exercise an inhibitory influence. The reactivity is, however, greatly 
enhanced by the introduction of a negative group like (NO|). The 
electrical conductivity data in acetone solntions showed that these di- 
snliflioninm derivatives behave like true salts. 

But while attempting to prepare the sulphoninm derivatives of 
other metals by the method described above. Dr Ray found that inatwaA 
of RaSiMIfa RiSI.MIi and 2 RiSI.MIi (where M«Cd or Zn) were 
bvanably obtained. By modifying the oondibone of the reaction ho 
also succeeded m preparing the corresponding mercury compounds* 
From a comparison of these two types of compounds with KHgb and 
KiHgli the structures RiSMIi and (RiS)i. MI4 were assigned to them. 
Antimony halide under similar conditions gave a number of complexes 
of the type SbXiRiSX and (RiS]i. SbXi (X ™ I, Br, or Cl and R ■ alkyl). 
On the other hand hydrochlor-aunc acid, auric chloride and silver 
mtrate yielded additive compounds of the type AnCli.R|S, AuCL R|S 
AgNOfRtS and AgNOf R|S,. 

Dr. Ray prepared another series of interestmg compounds by 
passing steam for a very long time over a mixture of ethylene dibromide 
and potassium hydrogen sulphide. The milky distillate after the re* 
moval of alcohol and ethylene mercaptan solidified to a crystalline mass 
whwh was found to be triethylene trisulphide (CiH4)|S| — ^this formula 
preferred because of the formation of the compound (CtHJiSi. 
PtCl|. The non-volatile oily residue was, on the other hand, found to 
be a mixture of three polymeric tnethylene tetra*sulphidee. By the 
action of mercuric mtnte and mmconc chloride on these sulphides, 
derivatives of the type (CtH4}|.S|.2Hg (NOt)t and (CtH4)|S|.3HgClt 
were obtained. Tbs sulphides and their derivatives, on oxidatioo with 
KMnOt or dilute HNOi, yielded various sulphones, suljdiinic and 
sulphome add derivatives. 

By the intscaction of dithioethylene i^yool and CiHiBr, 1 : 4 > 
H irtmin was prepared. The polymer of dithian obtained by Victor 
Meyer was found to be a mixture of brominated long oham compound. 
The oomponnd, Br. C1H4 (SCtH4)<iBr, found m the mixture was tbe 
first instance of crystalline organic sqliriior compound having a 
bW* molscnlar veg^t ( 3068 ). 
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In 1915, Dr. Ray had found that with cUorido^ aUiyl 

mercaptan yidds under nonaal coodi t waa cUoroiilathinm marc^itida 
(Bte)(PtCl and under special oonditione (Et|S)iPt AlaodithiO'WtlqrleiiB 

idpcd yields a chloromercaptide Ci Pt CL S. CA. SH. In 

all these compounds be showed that idatinum acts as a tri* or 
divalent element and contrary to the views held by Reynolda, Prltorioas- 
Seidler and Kumaker, forms a part of the complex radical. On 
Werner's Co-ordination theory Dr. Ray represented the complexes 
(Et|S)a. PtCU and (Et,S), PtCl, as 



As expected from these constitutiona the oomponnds were found to be 
non-electrolytes. A direct proof of the variability of valency of platinum 
was obtained from the study of the reaction between platinic chkcide 
and ( i ) 2-thiol-5-thio-4-phenyl-4- 5-dihydio-l . 3 : 4-thiodiBaols 
Ph,N N 

I >C SH and (u) dlthioethylene glycol C|Ht(SH)^ Usug 
S.C S 

solutions of diflbrent concentrations and carrying out the reaction at 
difibrent temperatures it was found that oomponnds Pt (S. C 1 H 4 . SH)x 
where « ■ 3, 4, 5 , 6 or 8 , were obtained. At room temperature the bexa- 
compound was invariably formed, but at lower temperaturesb the 
octa-compound and at higher temperatures, the tn-,tetra- and penta- 
oompounds were obtained. Also when the reaction was conducted at room 
temperature with a dilute solntion, the penta instead of the bexa- 
compound was formed. Thus Ray concluded that the valency of 
platinum is a function of temperature and the concentration of the re- 
actants and explained the formation of these coo^ioonda on the kuetic 
theory cd mdecules. 

In order to obtam further evidence for the varying valency of 
platinum Dr. Ray studied the action of ethyl and methyl sulphides on 
platuuc chloride and obtained a senes of oomponnds like RtS.PtCI, 
(R|S)iPtCli (six isomers). (R,S)i.PtCI|, (RtS}»PtCl«and (R,S)»PtCU, 
2H|0, tMTi* of which were assigned constitutional formulae on 
Werner's theory. The above oomi^ oomponnds when treated with 
ttwiwinmia and other organic bases yielded products which throw ooosi- 
light on the constitution of the parent bodies. All the six 
isomers of (Et|S)|.PtCii ^va the same product acoordinf to tbp 
following;— 
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Tfa« above reaction in which any otganlc bon can ha anbatitatad for 
ammonia, ahows that the alhyl snl^ide can be amiiaiif iiii NH| and 
the organic baae. Bnt in a aiimlar reaction with (EtiS)|PtC]t, PtCIi 
4NH| was iaolatad from the reaction product and Ona dnt it 

ia not a oo-ordmation but a molecolar oonpoond of the atrnctma 

[(EtiS), Pt O,]^ [(Et,S), Pt aj 

Farther, aome componnda ware prepared by the action of cfaloro-platiide 
acid on triethylene tnsnlidiide and benzyl and methyl aalidiidea. Theae 
alao confirmed the varying valency of platinnm and the conahtationa of 
aome of them could be represented on Werner's theory while otbere were 
shown, by the reachona indicated abov^ to be molecnlar oompoonds. 

In alcoholic eolation some of the platmnm oompoonds andetgo 
polymerisation. Thns EttSfPtCl polymerises into 


Et— 8 Pta 

I I 

apt s>Bt 

■ I 

Et-^ S-Et 

^s«Pta 
I 

Et 

In which case platinom again behaves either as a tri*or penla*valant 

elflni6i]te 

was also found to exhibit afanilar varntioas in valsaqr 
forming compounds with mercaptans and orgamc aolphides in which k 
acts as di-, tri,- tetia-and pentavalent element AaOi and EtfSf gave a 
compound 2AnCl|.EttSi in which gold is divalent The same haEda 
reacts with monopotassium salt of ditbioetiiylene ^yool yielduif a 
compound re pr e s e n ted as 

II S.C,H4.S m CH,-S S-CH, 

Au< >Aua or I >An< | AuQ 

S.C1H4.S CH,-S S-CHi 

Gold in these compounds behaves as di>, tti<or tetmvalant el e m en t. U 
a eindisf reaction with sodinm dithioethylane i^yool be carried ont Is 
gpptoQe ablation, a pantavaloBt ^ compoqaj 
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bobteinad. 

Wbn baazal'dkthyleiis tnaolphide wu siipUarlr troBtsd. oompoondp 
of thfl typB 6R« AuiCli t SR» A i i| C l> i 4R*AiuCl4j 4RaAuiCl|{ 3RaAiiiClt> 

3R.AafCl| (whan R-S<g|jJ>S* 1: 4-dithbn) war# obtained. 

Soma of thaaa oompoonds wera abown to be salphomnm danvativaa in 
wbicfa An ahowa variable valent while othan wva found to ba 
molaonlar oomponnda. 

Siinilarly when iridinm tatracfalorida waa treated with matfayl, 
ethyl and diethyl anlphidea it gave the oompoonda IrCliiSMai^ IiCI|. 
2MaiS. IriCU.4MeiS. IrCli. 5EtS, IriCU. 4EtiS and (IrCli). SEt^ 
Thia iodicatea that indiom like {dathmm and gidd hae alao a vanaUe 
valenqr. Indiom oompoonds ware found by Ray to be modi more 
atabie than the oorreepo n ding platinnm oonipoiiodB. ItC^2MeiS 
reeiatad all attempta to aplit op into IrCl|i2MeiS and IrCI«.21feiS and 
was therefore rapreaented as 


( 


a Mats') 

>Ir< 

a MeiS j 


a 


The oompoonds IrCl|.RtS whioh have no platinaffl analogoe (R»alk]d 
groop) were on the same gnonds assigned the atroctnre 



While Dr. Ray was preparing new series of interesting oompoonds 
he did not let the work on doable salts which formed the starting point 
of his r e s earcfa career to be at all neglectad. He prepared (i) doaUe 
aolphatas of the type M"S04. (R|S)i. SOt^HfO (where M"— Zn, Cd, 
14; Mo. Co, Ni. COk Fe), (li) salts of the type (a) X|BeP4»YS0«6H(0 
whidi are iaomorphous vdfo double aalpha^ aid flooberyllatee and (b) 
MPOiFXHiO; MSO4. (NH4)iP0rF^H,0; and (NH4)iPO|F.Ali 
(PQiP)b24HiO which are isomorphoos with aolphataa, doable aolphatas 
and alnma, leqwctively. It will be seen that to the (b) daaa of 
oompoonda (P0|F) radical behaves like SO* 

Thia aoooont of Dr. Ray’s activities as an inveatigatar shows what 
AO e wniw oe amooot of teseardi work (vUe BibUognpby pt the end) 
hoa been pobliahed from his bborstaty. Most of this vrock la Urn 
gt)boap(]fWs|p«itdi|Kovei7Qf thg mrcqiogi ipno gr ic aftfilfs 
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for which Armstrong baa rightly given him the nuna 'Matter of 
Nitrites'. The earlier work was singly carried oat by Prof. Ray bat 
mach of his later work has appeared jointly with stodents who firam 
time to time took the degree of the Doctor of Science on the presenta- 
tiOD of a thesis and some of them were the reoepients of Uie Blue Ribbon 
of the Calcutta University — the Premchand Roycihand Scholarahip. 
Dr. Ray’s first research scholar was Jatmdra Nath Sen and prominent^ 
among those who followed are Panchan Neogi. Atul Chandra Gangnli, 
Atol Chandra Ghose, Hamendra Kumar Sen. Jitendia Nath Rakshit, 
Raaik lal Datta, Nilratan Dhar, Manik Lai Dey, Janendia Chandra 
Ghosh, Prafulla Chandra Goha and N. Adhikary. Prof. Ray is equally 
proud of Janendra Nath Mukherjee, Satendra Nath Bose, Pulm Behari 
Sirkar, Meghnath Saha, Biman Behari Day, Prafulla Chandra Mitra, 
Priyadaranjan Ray, Janendra Nath Ray and Jogendra Chandra 
Bardhan who studied under hun for their undergraduate ooorses. 
These scholars have distinguished themselves with their mentonoas 
work, receiving international recogmtion, and most of them are to-day 
occupying the professorial chairs m several colleges and Umversitus 
in India. 

Dr. Ray's activities were not merely confined to the experiments 
carried out in the chemical laboratory but his knowledge of chemistry 
led him to establish what is now known as the Bengal Chemical and 
Pharmaceutical Works Ltd. at Calcutta for the manufactore of drugs 
and chemicals. It is striking to find that these works whidi were 
started m a small house with a meagre capital of Rs. 800/-, are now 
spread over an area of 60 acres employing 2000 men and theu: present 
assets amount to half-a-crore of rupees. In this enterprise Dr. Ray 
was assisted by his friends, chiefly by Amulya Charan Bose and Satis 
Chandra Sinha in the early stages of the evolution of the works. To- 
day the various departments of the works are looked after by expert 
chemists who are Dr. Ray's students and they, under his able guid- 
ance, have succeeded in raising the works to their present status. 

But while engaged m the laboratory work Dr. Ray devoted his 
tune equally to studies. Bemg gifted with the art of writing, he has 
published several books on scientific subjects both m P-nglieh and 
Bengalu His monumental publication is the History of Hindu Chem- 
istry the first volume of which appeared in 1902 and the second one 
five years later. In these two volumes Dr. Ray has shown that Indian 
alchemy is of an indigenous origin the ancient Hindos, for example, 
were argnamtod with the pTocesses of sublimation and distillation, 
could distinguish between mild and caostic alkalies and identify the 
metals by the ooloaration oi the flame etc. These vdames won for 
hun appreciation both from India and from other parts of the world. 
The book was reviewed in gtowing words by eminent person g in piQft 



tin Alto WORK OF SIR P. C. RAY 


319 


of tbo Joornals and papers m India and Europe. Berfbelot lemarkedi 
'A new and interestu^ chapter has been added to the History of Sd- 
ence and hninan tfaooght.’ The University of Durham conferred upon 
him the honorary degree of D. Sc m 1912 chiefl> in appreciation of 
die History of Hinda Chemistry. 

In 1924 Dr Ray with the assistance of Dr. J N. Mokherji, Dr 
J. C. Ghosh and Dr S. S. Bhatnagar succeeded m laying the founda- 
tion of the Indian Chemical Society of which he is the foundation 
Fellow and a Patron. The Society elected him as its first president 
and availed of his vast experience and knowledge m guiding its work- 
ing m its early life. 

On account of his meritorious work and distinguished career Prof. 
Ray has been honoured from time to time both by the Government 
and the scientific orgamsations in India The Umversity of Calcutta 
conferred upon him the Honorary degree of Ph D m 1908. The 
Government of India honoured him with the title of C. I E. m 1912 
and with Knighthood in 1919 The Indian Saence Congress elected 
him as its president in 1920 and various Umversities in India invited 
him to dehver an address at their convocation meetings. H E. Arm- 
strong has remarked in an article to Nature “Out reoogmtion of Ray's 
Services, as chemist, as teacher, as historian and as a founder of a great 
national school of scientific inquiry, is long overdue — ^it is nothing short 
of a reproach to our Royal Society that it should hitherto have been so 
narrow in its outlook as not to include his name m the roll of Fellow- 
ship” 

Although Prof. Ray's life is full of activities of a scientific charac- 
ter it is noteworthy to find that he gave his fullest share to the acti- 
vities outside the test-tube. He has been seen working energetically 
with the rescuers in times of Hoods and famines. Beu^ a rationalist 
u his views, he has ever taken a keen interest in reforming the social 
shortcomings in communal and religious bodies 

Prof. Ray is a living embodiment of the 'Plam hving and 

high thinking’. Being a man of ascetic disposition be is ever ready to 
benevolently help the poor with his purse. His aarningd as professor 
and gams from the Bengal Chemical and Pharmaceutical Works ate 
spent on charities. Mr. Padmmi Mohan Neogy writing about the 
philanthropy of Prof. Ray in the Indian World says, “. . . How often 
have we seen wretched young men, wretched on account of poverty, 
going vp mto his laboratory room where they laid bare their heavy 
bosoms, and he the father of them all, fondhng with aU the affection as 
though they were his own....” Like a true Guru, Acharya Ray, as he 
la usually called, has not only helped his students with money but has 
spent the best port of hia life m training them. He considers tbsss 
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yottBg wotlun to be the richeet treeewe triiidi ho ondd beoMttt ttt 
dw saantific world. 

Poor in health— dy i p e pei a and insomnia bring his c hr oni c com* 
plaints— Prof. Ray takes every day what he calls oonstitationBl walks 
and 18 fall ri vigour. Besides devoting his time to other activittas 
which are engaging his attention at present. Dr. Ray. now seventy* 
two yean of age^ still parsoes his scientific researches and one eanfind 
a paper by him along with his papil in the recent lasoes of the Jonrnal 
of Indian Chemical Society. Let me end this short acoonat of Dr« 
Ray’s life— an acoonnt which is by no means an exhanstive one — ^witb 
a prasrer to the almighty "May he live long to inspire ns with his es* 
ample and precept.” 
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38. Molecular volumes of the nitrites of barium, strontium and 
calaum, T., 66 

39. Decomposition and sublimation of ammonium mtrite, T.,345 
P., 56. 

40. Decomposition of ammonium platmichloride and ammomum 
platuubromide by heat, P. C. Ray and Atul Chandra Ghosh A., ii. 898. 

1910 

41. The double nitrites of mercury and the bases of the tetra- 
alkyl ammonium series, P., 172. 

42. The double nitrites of mercury and the metals of alkaline 
earths, T., 326 , P., 7. 

43. Decomposition of dimercunammonium nitrite by heat. 
T., 323 ; P., 6. 

44. lomsation of the nitrites as measured by the cryscopic 
method , priluninary note, Ray and Satish Chandra Mukherjee P ,173 

1911 

45 Influence of the minute quantities of ferric salts and of 
mpn flantwe mtratc on the rate of solution of mercury in mtric aad, 
T, 1012, P., 4. 

46. Nitrites of the benzyl ammomum series , benzyl ammonium 
nitrites and dibenzyl ammonium mtrite and their sublimation and 
decomposition by heat, P C. Ray and Rasik Lai Dutta, T , 1475 , 
P , 127. 

47. Methylammomum mtrite, P. C. Ray and Jatindra Nath 
Rakshit, T , 1016 , P , 22 

48. Nitrites of the alkylammoninm bases, ethyl ammomum 
nitrite dimethylammonium mtrite and trunethyl ammomum nitrite, 
P. C. Ray and J. N, Rakshit, T., 1470 , P., 71, 122. 

49. Tnmercnry-diethylammomum mtrite, P. C. Ray and J. N. 
Rakshit, T., 1972 , P., 220. 

50. Nitrites of the alkylammomtim senes Part III— Triethyt 
ammonnm mtrite and its decomposition and sublimation by heat, P.C. 
Ray and J. N. Rakshit, P., 264. 

51. Nitrites of the alkylammomom series Part II— Propyl* 
a p«<wftninm mtrite and butyl ammomum mtrite and their deoompoettiao 
by beat, P. C. Ray and J. N. Rakshit, P., 291. 
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52 . Tetnmethyl ammonimn byponitrita and its daoomposition Iqr 
h«at, (P. C. Ray and Hamendta Komar Sengopta) T., 1466 ; P., 121. 

53. The decomposition of tetramethyl ammonium nitrite liy heat, 
P. C. Ray and H K. Sengnpta, P , 4. 

1912 

54. Benzyl methyl-, benzylethyl-, and allylammoninm nitrites. 
P. C. Ray and R. L. Dutta, P , 258 

55. Isomeric zllylamines, P C RayandR.L Dntta, A., i. 835 

56. The molecular conductivities of potassium nitrite, mercuric 
nitrite and potassium mercuri nitrite, P. C. Ray and N R. Dhar, T , 
965, P., 102 

57 Chlorides of mercnrialkyl-, and mercnrialkylarylammonium 
series and their constitution as based on conductivity measurements, 
P. C. Ray and N. R Dhar, P , 292 

58 Molecular conductivity and ionisation of nitrites, P. C Ray 
and N. R. Dhar, P., 319. 

59 The vaponr density of ammomum mtriteb P. C. Ray, and 
N. R Dhar and Tincowry De , T., 1185 , P., 151. 

60. Nitrites of mercunalkyl-, and mercnnaUcyiarylammoniam 
series, Part II., P C Ray N. R. Dhar and Tincowry Do» T., 1552 i 
P., 185. 

61 Nitrites of the alkylammomum series, Part III. Trietbyl- 
ammoniom nitrite and its decomposition and sublimation by heat, P 
C. Ray and J. N. Rakshit, T , 216 

62. Nitntes of the alkylammomum series, Part II Propylammo* 
nium nitrite and butylammomom mtnte and their deoompoutiOD by 
heat, P C Ray and J N Rakshit, T, 141. 

63 Nitrites of the alkylammomum series Port IV. Isobutyl-, 
diethyl-, dipropyl-, and tnpropylammomum mtrites, P. C. Ray and 
J N Rakshit T,612,P,41. 

64. Nitrites of the olicychc ammonium senes Part I. Nitroso* 
piperazmmm nitrite, P. C Ray and J N Rakshit, P., 102. 

65. Nitrites of the mercunalkyl-, and mercurialkylarylammo* 
mum senes, P C. Ray, J N. Rakshit and R L. Dutta, T., 616 , 
P, 41. 

1913 

66. Equivalent conductivities of sodium bypomtrite and hypomtr- 
ons acid, P C. Ray, R L. Dey and N. R. Dhar, T., 1562 , P., 185. 

67 Guantdinium mtnte and its decomposition by heat, P. C. 
Ray, M. L. Dey, and S. C Jana, P., 283. 

68 Chlorides of the mercunalkyl-, and mercnrialkylarylammo- 
mum senes and theu: constitution as based on conductivity measure* 
pients, P. C. Ray and Dhar, T., 3, 



324 


JOURNAL OF THE UNIVERSITY OF BOMBAY 


69. Equivalent condnctivity and loniBatum of nitrites, P. C. Ray 
and Dhar, T., 10. 

70 The vapour density of ammoniiun nitrate, benmate and 
acetate, P. C. Ray and S. C. Jana, T., 1565 , P., 234. 

71. Vapour density of ammonium nitrate, Ray and S. C. Jana, 
P., 28. 

72. Nitrites of the alicyclic ammonium series; nitrosopipera* 
zimum mtnte, P C. Ray and J. N Rakshit, T., 1 

1914 

73. Additive and substitutive compounds of mercuric nitrite 
with orgamc thio^erivatives, I P , 140 

74. Action of nitrons acid on dimethyl piperazine, P , 143. 

75. The action of mercuric, cupric and platmic chlorides on 
organic sulphur compounds, P , 304 

76. Place of mercury in the periodic table. A., ii, 271. 

1915 

77. Interaction of dimercuriammomom nitrite and the aUcyl 
iodides, T., 1251 , A , i. 934. 

78. Action of monochlor-aoetic acid on thiocarbamide and mono* 
alkylated thiocarbamides, P C. Ray and F. V. Fernandes, T., 2159; 
P., 181. 

1916 

79. Mercury mercaptide mtrites and their reactions with alkyl 
iodidea, T.. 131, 603 ; A , i. 246, 542. 

80. Molecular volumes of the hypomtrites of the allcab metals 
and the metals of the alkalme earths, P. C Ray and Raiendra lal De 
T. 122, A. li. 186. 

81. Interaction of lodme and thioacetamide m aqueous and aloo* 
bohc solutions, Ray and M. L. Dey, T., 698 A., i, 633. 

1917 

82. Mercury mercaptide nitrites and their reactions with the 
alkyl iodides, T , 101 , A., i, 194. 

83. Cadmium and zmc nitrites, T., 159 , A., ii, 208. 

84. Alkaloidal derivatives of mercuric nitrite, T , 507 ; A., i, 470. 

85. Synthesis of 'thiocrotomc aad, Ray and Manik Lal Dey 
T., 510 ; A., 1. 441. 

86. Velocity of decomposition and the dissociation constant of 
nitrous acid, Ray, M. L Dey and J. C Ghosh, T., 413 , A., ii, 301. 

1919 

87. Mercury mercaptide nitrites aad their reactaons with the 
alkyl iodides, T., 548. 

88. Interaction of mercuric and cupric chlorides respectively 
mid the mercaptans and the potential mercaptaas. T., 871. 
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89. Mercury mercaphde nitrites and thenr reaction with the alkyl 
iodides. Parts IV, V, VI P. C. Ray and P. C. Gnha, T., 261, 541, 1148. 

SO. Reaction of the potassium salt of 2-thiol-5-thio-4*phenyl-4 
5-dihydio-l . 3 . 4-thiodiazole and 2 SdithioM 3 4-thiodiazoIa with 
halogenated organic compounds, P. C Ray, P. C. Guha and R. K. 
Das, T., 1308. 

91. Mercuric sulphoxychloride, Ray and P. K. Sen, T., 552. 

1920 

92. Triethylene tri-, and tetrasulphides, I. T., 1090. 

1921 

93- The molecular conductivity of some snlphonium oompoonds 
in acetone, Ray and Kalikumar Kumar, T., 1643. 

1922 

94. Triethylene tn-, and tetrasulphides Part II. T., 1279. 

95. Chloropicnn as a reagent for the diagnosis of mercaptans 
and potential mercaptans, Ray and R K. Das, T., 323. 

1923 

96. Varyii% valency of platinum with respect to mercaptimc 
radical, T., 133. 

97. Triethylene tn-, and tetrasulphides III. The snlphones 
Bolphinic and snlphonic acids of the senes , extension of Stuffer’s Law, 
T., 2174. 

98. Mercaptans of the purine group I. Ray, G. C. Chakravarti 
P. K. Bose, T., 1957. 

1924 

99. Synthesis of cychc polysutphides I. A., i, 759. 

100. Varyug valency of gold with respect to mercaptimc radi- 
cals J. Ind. Chem. Soc., f, 63. 

1925 

101. Oxidation of tnethylene tetrasulphide by means of potassium 
permanganate, ]. Ind. Chem. Soc., 7, 207. 

102. Varymg valency of platinum with respect to mercaptmic 
radicals II. P. C. Ray and K. C. B. Ray, Jour. Ind Chem. Soc, 
2. 178. 

1926 

103 History of oxygen, J Ind. Chem Soc , 3, 1 

104 Tnethylene tnsnlphide and 1 4-dithian, J Ind. Chem. 

Soc., 3, 73 ( P. C Ray and K C Bose-Ray) 

105 Lengthened chain compounds of sulphur, J Ind. Chem. 
Soc., 3, 75. ( Ray and Bose-Ray ) 

106 Synthesis of condensed hetrocyclic systems; mteiaction 
between 2: 5-dithiol-l 3 4 thiodiazole and orgamc dihalides, P. C 
Ray and B. C. Guha, J Ind. Chem. SoC| 3, 23. 
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107. Varying valancy of platinam ^th respect to mercaptinic 
radicals III and IV Ray, Gnha and Bose-Ray, J Ind Chem. Soo, 
S, 155, 358. 

1927 

108. Lengthened chain componnds of salphur. Nature, 779, 124 

109 Variability of valency, J Ind. Chem Soc. 4, 89 

110. Double sulphates of the copper magnesimn group and the 
Bulphonium bases. Sir P C Ray and N Ray, Jour Ind Chem. Soc., 
4, 37 

111 Varying valency of platmum with respect to mercaptinic 
radicals VI, P. C Ray, Bose-Ray and Adhilran, Jour Ind. Chem. Soc. 

4, 467. 

1928 

112. Varying valency of platinum with respect to mercaptuuc 
radicals Vll, P. C. Ray, Bose-Ray and Ray-Cbaudhn, Jour. Ind. 
Chem. Soc., 5, 139. 

113 Double sulphates of the copper-magnesium group and the snl- 
phoninm bases II. P. C Ray and N. Ray, Jour. Ind. Chem. Soc , 5, 69, 

1 14, Complex compounds of gold with mercapfamc radicals II. 
Residual affinities of chloro-auric acid, P. C. Ray and Bose-Ray, Jour 
Ind. Chem. Soc,, 5, 527. 

115 Tetraethyl Phosphonium nitrite, P C. Ray and N. Ray 
Jour Ind. Chem. Soc. 5, 733. 

1929 

116. Isomorphism and homology. Nature, 724, 480. 

1 17 New type of complex compounds, ter-, and quinquevalent 

platmum, P. C, Ray and Bose-Ray, Z. anorg. Chem., 778, 329 

118. New series of double sulphates of the copper-magnesium 
group and the phosphonium bases I, P, C Ray and N Kay, Jour. Ind* 
Chem. Soc., 6, 27 

1 19 Synthesis of lengthened sulphur chain componnds, Ray and 

5. K. Mitra, J. Ind. Chem boc., 6, 865. 

120. Action of bases on complex compounds derived from orga- 
nic thio-compounds and platinic chloride, P. C. Ray and P. C. Mu- 
kherjee. Jour. Ind. Chem. Soc,, 6, 885. 

1930 

121 Chemical elements and compounds, J. Ind. Chem. Soc., 7, 1. 

122 Isomorphism and chemical homology. Nature, 726, 310. 

123. Complexes of mercuric iodide with aUcyl snlphomnm iodides, 
Ray and Adhikary, J. Ind. Chem. Soc., 7, 297. 

124. Complex compounds of chloroferric acid with organic sul- 
phur compounds , the analogy of gold and uon compounds, P. C. Ray 
and Mukherjesi Z. anorg. Chem., 787. 121, 
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123. Comploxas of gold chlorides with organic sulphides, P. C* 
Hay and D* C. Sen, J. IzkL Chem. Soc., 7 , 67. 

1931 

126. Isomorphism and chemical homology, Nature, 127 , 631 

127. Synthesis of ethyl thio acetoacetate. Nature, 728, 189 

128. Complexes of antimony halides with sulphonium halides. 
P. C. Hay, Adhikari and A. N. Ray, J Ind. Cbem. Soc., 8, 251. 

129. Complexes of antimony trichloride with orgamc sulphides, 
R^y, Adhikary and A. N. Ray, J Ind Chem. Soc , 8, 7 11. 

130. Reaction of silver nitrate with organic sulphides, Ray, 
Adhikary and H. Ray, J. Ind. Chem. Soc., 8, 689. 

131. New types of complex compounds of ter-, and qumqueva- 
lent platinum, Ray and S C. S. Gupta, Z anorg. Chem., 798, 153. 

132 Compounds of metallic salts with organic sulphides, Jour. 
Ind. Chem. Soc., 8, 537 

133. Complexes of zinc and cadmium iodides with alkylsulpho- 
nium iodides, Ray, Adhikary and Banerjee, J. Ind. Chem. Soc., 8, 739 

1932 

134. Complex compounds of iridium I Compounds with organic 
sulphides, Ray and Adhikary, J. Ind. Chem Soc., 9, 251. 

135 New types of complex platinum compounds. Ter-, and 
quinqne valent platinnm IV. Z. anorg Chem, 29 J, 401. 

1933 

136 Complex compounds of iridium Part II Compounds of 
organic sulphides and pyridine, P. C. Kay, Adhikary and R. Ghosh, 
Jour. Ind. Chem. Soc., 70, 275 

137. Thioketonic esters Part III. Alkylation of ethyl thioaceto- 
acetate, P. C Ray, S. K. Mitra and N. N. Ghosh, Jour. Ind. Chem 
Soc,, 70. 75 



AN INDIAN HYGIENE MUSEUM 
By 

GILBERT ] FOWLER, D Sc., FJ.C. 

In one of those fateful years when the war clouds were already 
banking up on the horizon of Europe, the present writer found himself 
a member of a sma ll executive committee charged with the task of col- 
lecting guarantees and donations towards a British pavilion at the 
great luternational Exhibition of Hygiene, which was then in course of 
erection at Dresden 

Great difficulties had been encountered in raising money for this 
British effort, owing in part to the strained political relations which 
even then existed between the British and German Governments* 
However, with the assistance of Sir Thomas Barbw, Physician to 
King Edward the Peacemaker, and his distinguished confrere Sir 
Lauder Bninton, these difficulties were eventually overcome and a 
first rate Pavilion was erected m a prominent position in the exhibition 
grounds In this building were set out valuable exhibits illustrating 
the progress of Hygiene and Medicine m Great Britain Actually a 
surplus of funds was realised after paying all guarantors, these funds 
were devoted to the support of institutions concerned with health and 
physical development 

While the Exhibition was in progress the writer was privileged 
to visit It as a member of a deputation from the Corporation of 
Manchester, and to study those exhibits in which he was particularly 
interested Among these, memory recalls pictures and models showmg 
the progress of urban sanitation through the centories, the dreadful filth 
of medieval towns being compared with the cleanliness and brightness 
of a modern city 

In the spacious hall entitled “ Der Mensch " ( Man ) dominated 
by a great statue illustrating the physical ideal of homo saptons, were 
grouped exhibits showing the perfect conditions to be observed from 
childhood to age, if this physical perfection was to be attained* In 
those days vitamins were not so much m the foreground, but food 
values and calories were amply illustrated. In other halls there were 
exhibits of a more medical nature and concerned less with health than 
with disease The utility of these exhibits may perhaps be questioned, 
though their object no doubt was to warn by fear, if enoouragemant by 
the reward of health should be inadequate 
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Along these halls passed throogboot 
simple studions people, many of them cMlb>^ fixstt il|| 
and all d them absorbing earnestly m oonSCMahMs Gdpoatt 
Ae education set before them 

With these memories in his mind the author was surpnsei 
day to note m The Times of India a paiagraidi descnb ng a pm* 
po^ for a Hygiene Museum for Bombay based on the Dresden raodd 
He then learned that the Exhibition of 1911 had become a permanent 
national Museum and a centre from which help of every Icmd was 
willingly gven to those who might be engaged m similar activitiea 
elsewhere 

It was further learned that the prme mover in the Bombay 
scheme Mr G M Jadhav was educated at the Manchester Gram 
mar School and afterwards became fbregn language master thersb 
where dreams and ideals of service had been born in him altogether 
a strange comcidence The original idea based on the Dresden model 
has been extended to mclude other subjects of general human mterast 
following the plan of the great Museum at Munich which sets out to 
illustrate the activities of mankind through the ages 

It IS now proposed to have not one but eight Mueeams as 
follows — 

Indian Hygiene Museium 
Technology and Engineermg Museum 
Museum for Sociology and Economics 
Museum for Agriculture 
Sciettoe Museum 
Evolution Museum 
Trade and Cmnmerce Museum 
Geography and History Museum 

An excellent site has been eannarked on the new Back Boy Redo* 
matioD and it remains for all well wishers of lodia to snpport the 
scheme by their interest, work, and fuaoctal generosity 

With his experience of the British Pavilion at Dresden is his 
ound, the writer csnnot doqbt that if the will is present, needful fineaeB 
will be forthoomuig 

Sorely no object can be more worthy than the creation of a centre 
of ealiidttetimeBt and mass education of the sunple people of the new 
India which, m epita of politicians is rapidly coming mto being 

Anyone who has bad charge m India of a Museum or even of 
Laboratonee m which interestmg and novel experiments ore goug 
forward will not need to be convinced of the appeal which by 

the eye makes to ordinary folk of India The writer must confess 
that he was sometunes concerned for the amemties of his badeno> 
logical laboratory when it was invaded by happy familial of sightiosnb 
n 



Mi 0 flpttAill of tt# 4ait cf the bi^my which thejr kniilit wrfi|' 
then; cutf Iq owwda from time to time within the iipp^ 
pcecmcts 

Official report* from the Calcatta and Madras Moaeniaa oonflcp* 
this eegemeu for information on the part of the Indian masses 

The writer s recollection of the Anooats Art Mnsenm idanted M 
it was in the most dingy and depressing quarter of Manchester, 
courages him to believe in the even greater usefulness of the proposed 
Indian centre 

Just as the Dresden and Munich Museums send out inspiration 
and literatnre to all who desire them so will these Museiims in 
Bombay serve to feed smaller centres and thus spread enlightenment 
throughout the country 

Already more than one energetc Director of Public Health is 
making use of Models and pictures of all kinds to educate the villagers 
during Health Weeks and other such public occasions 

With the coming of broadcasting these exhibits and the cheap 
htetature which it is also hoped to provide can be explained m simple 
vemacnlar language to the rural population 

Already through the energy and idealism of the Honorary Secre* 
taiy of the movement Mr G M Jadhav a beginning has bean made 
with the distnbnbon of such literatnie 

Those mterested can obtain pamphlets and other lafbnnatiott 
which they may desire from Mr Jadhav at Patel Bombay 

Surely this is an object in which all iQsy mute withont distinc 
timi of caste creed or race and thus beyond its immediate objective 
the Bcheme will play a noble part in epraeding the apmt of goodwill 
which la the greatest need of India and indeed of the whole world 
today 
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L— •"SoffM Bioohtmioal AaptCtt 
<if th* Pkyttology of Sandal ” 
{Santalum albttm Linn). 
Baiog a part of tha thesis sub- 
mitted by Mr. Y. V. Sreb- 
mVASA Rao, Deportment of 
Biodiemtetry, Indian Insbtute 
of Smence, Bangalore, for the 
award of the Degree of Master 
of Science, University of 
Bombay. 

Htstoncal and general tntro- 
dnchon, — A historical survey of 
the growth and spread of sandal 
In South India is given. The place 
of sandal in the economy of nature 
and its economic unportance to 
India an indicated. It represents 
one of the few parasites which 
have an economic value. 

Part I (A). — Nature and ex- 
tent of ParaatHim of Sandal as 
revealed by Inorgamc constt 
tuents. The importance of the 
rdle of mineral nutrients m plant 
life has been described. The 
nature and extent of parasitism of 
sandal from this pomt of view has 
been studied. 

Control cultures of sandal have 
established that (l) wifoout a host, 
sandal continues to have a stmggl* 
ing existence, (2) some boat plants 
are better suited to nourish sandal 
than (^hers. It has also bemi 

if iMiW is deprived of 

* f 


its host plants, aitber by removal 
or death of the Utter, it ceases 
to pat on any visible growth ; the 
leaves turn pale and chlorotic in 
spite of the nch sod that may bo 
provided. But if a host, more 
especially of the legominous type^ 
IS reinstalled, the sandal starts 
growing again, m the course of 
two to three weeks, the pale 
yellow leaves turning green and 
the plant putting on a healthy ap- 
pearance. Cultural experiments 
have revealed that sandal is large- 
ly dependent upon its host plants 
for its nitrogen and phosphorus 
requirements. It has also been 
found that sandal exhibits a pre- 
ferential affinity to certain types 
of host plants, with regard to its 
haustorial attachments* 

PART 1 (D).— A PhystGo^and 
Biochemical study of the tissue 
Fluids of Sanded tn ReUdion 
to the Associated host plantd^ 
It has been shown how the 
physico-chemical measurements 
and chemical composition of tbs 
tissue fluids of plants is receiv- 
ing more and more attenttoo at the 
present tune from physidogists 
and pathologists. 

Physical-c h emical measore- 

ments of the tissue fluids of the 
leaves, stems and roots of sandal 
iRMsQca^ioowitliiti hRvy 



332 


JOURNAL OF THE UNIVERSITY OP BOMBAY 


revealed that the osmotic pressure 
of the sandal is always greater 
than that of its host This is in 
conformity with the results of 
Arthur Hams and J V Lawrence 
who have shown, in their work 
on the ** Osmotic concentration of 
the tissue fluids of Jamaican 
Loranthaceae parasitic on various 
hosts/’ that the parasite has al 
ways a higher osmotic concentra 
tion than its host 

Analyses of iK»t cultured sandal 
plants nourished by known hosts 
have shown that the host has a 
considerable influence on the com- 
position of the sandal sap, thereby 
rendering the plant more or less 
open to insect attack The prac- 
tical value of this interestii^ fact 
is realised if attention is called to 
the officially accepted theory that 
insects are the natural vectors of 
" Spike '* By a judicious choice 
of host plants it should be possible 
to control the composition of the 
sap m such a way as to render it 
distasteful or repulsive to those 
classes of insects reputed to be 
vectors of disease 

PART I (C) -^Nitrogen Met 
aboltsm of ^ndal vnth and 
Without ho^ plant Distribution 
of the nitrogen (m the water 
soluble portion ) in the leaves of 
sandal with and without host 
plant has been studied It is seen 
that, with the removal of the host 
plant, the green leaves turn yellow 
and the tree will have a struggling 
existence, and this indicates that 
nitrogen constitutes the limiting 
factor without which the parasite 
(loes not flounsh. The total and 


the protem mtrogen decrease on 
removal of host plant due to the 
poor absorpton of nitrogen di- 
rectly from tbe soil. 

The water soluble nitrogen in- 
creases due to proteodastic de- 
gradation of the native proteins 
and the ammonia nitrogen is also 
higher due probably to deaminisa- 
tion in the case of the sandal 
without host A study of the 
distribution of the hexone bases, 
has shown that Arginine nitrogen 
IS slightly but distinctly greater in 
sandal without host The cystine 
content on sandal without host is 
very low This is very significant 
m view of the fact that cystine is 
known to favour the formation 
and functioning of root hairs. 

Distribution of th€ Hexone 
Bases tn Healthy and Diseased 
Leaves of SandaL An histoncal 
introduction of the spike-disease ot 
sandal has been given from the 
time when it was first discovered 
by McCarthy in the year 1899 
with a summary of the results so 
far obtained 

The distribution of the hexone 
bases in the healthy and spiked 
sandal leaves has been worked out 
by tivo entirely independent 
methods with a view to determine 
the nature of the metabolic dis- 
turbances which manifest them- 
sel ves with the onset of the 
disease 

(i) Van Slyke method as modi- 
fied by Plimmer and Rosedale 
(1925) 

( 11 ) Kossel's silver-baryta 
method 

The fact that the histiduie 
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fraction occurs in a high propor 
tion IS significant in view of its 
close stmctural relationship with 
the physiologically active histamine, 
which has been found to inhibit 
the growth and functioning of roots. 

Carbon-Ntirogfin Ratios tn 
Htalthy and Diseased Tissues of 
SandaU A modified apparatus for 
the determination of total carbon 
in plant material by the wet 
combustion method has been 
described. 

Carbon Nitrogen ratios in 
healthy and spiked sandal have 
been estimated with a view to 
ascertain whether there would be 
any disturbance in this (C/N) ratio 
with the onset of the disease when 
the reproductive activity of sandal 
is arrested. The results are some- 
what erratic and no definite con- 
clusions could be drawn While in 
the case of partially spiked plant, 
the C/N ratio in the beginning is 
not altered very much. 


II . — Proteins of Fenugreek*^ 
[TrigoneUa Fo€«mw Graecuml 
being a part of the thesis sub- 
mitted Mr Y. V 

SreenivasaRao, Department 
of Biochemistry, Indian Insti- 
tute oi Saence, Bangalore, for the 
award of the degree of Master of 
Science, University of Bombay, 
The globulin and albumin in 
fenugreek have been isolated and 
analysed. The globuhn ( fraction 
A ) IS characterised by a surprising' 
ly high content of histidine which is 
about four and a half times the 
^verago aniouqt contained m other 


related globulins obtained fn>m 
leguminous seeds In this respect 
the protein has a close relationship 
with the protamines and hista- 
mines which are characterised by 
a high content of the hexone bases. 
The albumm (fraction B.) 
appears to contain phosphorus and 
sulphur in the molecule. In this 
respect the composition of this 
fraction approaches the casern of 
milk 


III — Dilatonuific Studies tn 
Enzyme Action Being a sum- 
mary of a part of the thesis sub- 
mitted by Mr, H B Sree- 
RANGAC1IAR, Department of 
Biochemistry, Indian Institute 
of Science, Bangalore, for the 
award of the Degree of Master 
of Science, University of Bom 
bay. 

The kinetics of two closely al- 
lied enzyme- substrate systems have 
been studied in the dilatometer 
The course of reaction has also 
been followed by an entirely 
chemical method The possibility 
of employing this elegant method 
for a time course study of these 
two enzyme-substrate reactions 
has been established. 

A new type of dilatometer has 
been described where the enzyme 
and the substrate could be mixed 
in the dilatometer itself, thereby 
facilitatuig an investigation of the 
changes from the beginning of the 
reaction. The kinetics of the 
reaction could simultaneously be 
followed At lower concentrations 
of substrate the total oontrachoR 
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VL— CcMimax^M PhenoU 

and Phenohc Ethers mih Ace- 
tone Dicarbox^ic aetdt Syn- 
thists of substituted gluia- 
nc Odds, By V M Dixit 
and G. N. Gokhale. Being a 
sammary of Part I of the thesis 
submitted by Mr Gokhale 
m October, 1932, for the 
M. Sc degree of the University 
of Bombay. 

Acetone dicarboxylic acid has 
been condensed with phenols in 
the presence of various catalysers, 
the commonest amongst which is 
cone, sulphuric acid. [See* 
Coumann^d-acetic acids by Fries 
and Volk (Annalen, 1911, 379, 
90), Dey (Trans. Chem. Soc. 
191S, 707, 1606) Dey and Row 
(J. Ind. Chem. Soc, 1924, 1, 110) 
and Limaye (] Ind. Chem. Soc. 
1927, /V, 159)]. 
glutacomc aetds by Limaye and 
Dmt ( vide Proc. Ind. Sc. Cong- 
ress 1930, 167), Limaye and 
Bhave ( J. Ind. Chem. Soc. 1931, 


VIII, 137) and Dixit (J. lad. 
Chem Soc. 1931. VIII, 787). 
The acetone dicarboxylic acid acts 
m the enolic form in these reac- 
tions. 

A new compound was prepared 
by condensing phenols ( 2 mols ) 
with acetone dicarboxyhc aad ( 1 
mol) m the presence of dilute sul- 
phuric acid ( 75 p. c. ). It was 
a crystalline dibasic acid (For- 
mula *C ]7 Hu 0( , Eq. Wt 158 
andMP 234^ (with decomp) 
which formed insoluble copper and 
lead salts. Aqueous solution of 
the acid gave a bluish green colo- 
ration with ferric chloride. Simi- 
lar new aads were obtained from 
o^eaol, quiDol and p-cresylmethyl 
ether Phenol gave the greatest 
yield 

The constitution of PP-2 2' 
dihydroxydiphenyl glutanc aad is 
proposed for the new acid from 
phenol The condensation la as- 
sumed to take place as follows 


/~\ 

HCN- + 


yCHiCOiH 

\c 


Oc 


HO-y 


/ 


-H 


/ 

\ 

HO'- 


\ 

y 


sCH,COiH 

Acetone dicarboxylic acid 


>/ 

/\ 


CH,COiH4>H,0 


CH|CO,H 


Phenol 


HO 

/ 

\__/ 

2 . 2'--Dihydraiydi|ihanyl-glntttlc aad. 
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The acetone dkatboxylic add acta breaks np almoat qnantitativelF 
Is the ketonic form. Tbe resolte into ooainann-4-aoetic acid, identi- 
of the following reactions bear out cal with that prepared Iqr Lunaje 
the given constitotion — (loc. at.) and phenoL Tfaateac- 

(l) Action of cone, snlphoric bon la explainad as 
add at SO’-dOP :r-The compound 



CHi COiH -CiHtOH ^ 
CH, COiH 



/' ^OH -Hi O 
\J^C-CH-CO,H 


CH,-CO»H 



The intermediate glotaconic acid beating the new enbetanoe with 
cannot be isolated [Dey,(loc.ot}] cone, nltncacidm the pnamiceaf 
anept in tbe decomposition of the a email qnantaty of snlphiinc aad 
conespondiiig glutanc aad obtain- m ooU, a dmitro denvabve was 
ed from p. cresyl-methyl-ether. obtainsd. 

(2) Action (rf nitric aad On Heaiiflg this dtnrtro deimbve 

QQ 
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or the onginal glataric aad with and a«mallqntiibtyt)f pfcicadd. 
fuming mtnc acid m sealed tubes The noctwn can bn iqxMntBd 
gave much of ^^-dmitroxanthone as.— ■ 



(3) Action of KOH '—Fusion 
of the giotanc acid with moist 
caustic potash at 180“ gave 2 i 
dihydroxybenzophenone, identical 
with that obtained by Richter [ J. 
Pr. Chem, 1883, (2) 28, 285]. 

(4) Knoevenagel condensa- 
tion —Unlike the esters of couma- 
rm-4-acetic acids, the ester of the 
new aad or the acid itself did not 
yield any condensation product 
with salycihc aldehyde m spite of 
several attempts with usnal pre- 
cautions, 

(5) Synthetical reactions 
The dimethyl ester of the new 
glntanc aad formed the corres- 
ponding apocampboric ester by 
condensing with dimethyl oaalata 
according to the method of Komp- 
pa (Trans. Chem. Soc. 1911,99, 
2020) and it also condensed with 
dime^l phthalats aooordii« to 
tha method of Diadnnann ( Ber. 


1899,22,2227). 

Besides thes^ the new glntanc 
acid formeda number of chaiactec- 
>atic denvabves. The cortes- 
pondmg glntanc acids obtained by 
condensing acetone dicarbozylic- 
amd with o-cresol, qninol and p- 
cresylmethyl ether respe c tively 
showed analogons equivalent wta, 
analytical data, salts and behavi- 
our with cone, sulphtmc acid. 

In converting the : 2'-di- 
methozy-4 4'-Dietbyl-plienyl ^n- 
tanc aad, which is obtained from 
pHaresyl-methyl ether, into the 
comsponding O-methylconmatin- 
4-aoetic add by snlphtnc add, the 
Intermediate 0-2-ffletboiy-5-n)s- 
tbylphenyl glntacomc acid was 
isolated. Thisonkeepiiigmcona 
sulphnnc aad changii to tha 6- 
methyl-ooamatui-4-aoatic nod. 

The work IB beug ooothned. 
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VlL-~CoitdtnmHon nf phtnoli, 
with aoitotw dicarioxyttc amd, 
Anhydnd4s of ^•i-hydroxy- 
phtnylgluiaconic ac$da. By 
V. M. Dixit and G. N. 
Gokhalb. 

CoiiiDann-4-acetic acids have 
been prepared by condensnig 
phenols with acetone dicarboxylic 
aodt in the presence of cone, 
snlpdinric acid. [See: — Dey (Trans. 
Cheoi. Soc. 1915, t07, 1606). Dey 
and Row 0> fod. Cham. Soc. 1924. 


/, 110), Llmaya (J. Ind. Cham. 
Soc. 1927, JV, 159) and Dudt 
Q. Ind. Qmdi. Soc 1931, VIII, 
787)]. In some of hia reaebona^ 
Dey has obtained tantomen (I and 
II) of the same oonmann 4-aoetic 
acid sni^iosed to be formed at the 
same time due to the two different 
ways m which the acetone 
dicarboxylic acid nu^ act The 
reaction is represented as 
foUowB. — 


HQ's 

^ CO 



CO 

I 

HO CHs 

v/ 

^-CHCOiH 



C-CHCOiH 


Transformation of (II) to (I) was 
siqipoeed to take place in the 
process of crystallisation vduch in- 
variably caused a considenble 
change in the melting pouts. The 
two forms had the same equvalent 
wei^t and analytical data and 
both produced the corresponding 
4-methyloouniann when heated at 
their m. pts. Other experimental 
evidence to show the existence of 
(II) has not been recorded and the 
oonversionof (I) to (U) has not 
been earned ont 
With the object of studying the 
ngcUpQ in details, phenol and th^ 


three cresols were condensed with 
acetone dicarboxyhc acid on die 
lines desenbed by Dey and Row 
(loc. at.) as the results from this 
method and that of Dey (foe. at) 
were identicaL The crude product 
of each of these reactions, when 
hractionally crystallised yielded two 
different compounds (A) and (B) 
which were pardy tranafonned 
mto one another on long exp o sur e 
to an:. 

The substaiue (A) of lower 
m.pt:— 

(1) Crystallises in fong needles 
edubfo u )iot water, dilnte akobol, 
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other and in lodimn tncarbosate 
lohition with efforvncenco. The 
orviool oompottnd is reoovored on 
acuhf^ng this solution. 

(2) Does not give any oolom* 
txn with feme chloride and does 
not form any defimte oomponnd 
with(i) acetyl chloride or acetic 
anby^idei (u) ben«^l chloridei and 
(ul) oxidation by diromic acid in 
cold. 

(3) Yields almost theoretical 
quantity of 4-methyl>ooumann 
when heated at its melting point 

(4) Forms the solid ethyl ester 
which m turn condenses with 
salycilic aldehyde m the presence 
of pipendine to piodnoe the corres- 
ponding diooumaryl (see Deyand 
Row)« In short the substance (A) 
agrees well with the corresponding 
coamann-4-BiC6tic acid, found in 
hteratore. 

The substance (B) of higher 
melting point 

(1) Crystallises m trad pris- 


matic needles, Insoluble in water 
and dilute alochd, soLuble in ako- 
bd, acetone and chloroform. In- 
soluble m sodium bicarbcmata un- 
less being in contact with it for a 
longtime. 

(2) Gives, m alcoholic adotion, 
leddidi coloration with feme 
chkuide. 

(3) Can be titrated m alcoholic 

solntion with alkah and baa the 
same equivalent and 

analytical data as those d sub- 
stance (B). 

(4) Does not form an ester and 
does not condense with salyabc al- 
dehyde under dry conditiODS. 

The compound (A) can be 
converted into (B) by Iceepmg it in 
contact with cone, sulphuric acid. 
The reverse change prooseds on 
hydrolysis of (B) by allcali. 

The compound (B) is supposed 
to be the anhydride of the corres- 
ponding ortho substituted glntaco- 
nic aod, fonned as follows^ 


/\ ,OH OH-C-CH-COtH 

I \/ I 

. CH,*CO,H 


/VOH 




AAco 


^''C-CHCO,H 

I 

CH9CO1H 

p-2-Hydroxyphenyl 
glataoouc aicid. 


\/\ 


ICH 


/\ 


CH,COrfI-(A) 


OH 

V-C<CH“CO 


>0 

CH,-CO (B) 


The Intermediate ghtaoonic ead 
la known to be toeapable of free 
emtenoBi 

Tbe following evideooe ii fbond 
ji) litefatnfe to jasbf^r this ooo^ 


of the oollllen8atIOll^- (1) ^ 
inbetituted glotaoonic adds have 
beenpnpuedbrooadaasingphe- 
nob phenohe ethers with teoi 
togs diwbox;rhc aod (Ss, 
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Limasw and Bhave^ J. Ind. Chmi. 
Soc. 1931, Vm, 137. 'Dint, J. 
Ind. Cbem. Soc. 1931, VllI, 787 
and Lunaye and Gogate Proc. 
Ind. Sc. Qjngtess 1932, 233). The 
corresponding coumann -4- acetic 
acids were also found as by-pro- 
ducts in these reactions. 

(2) Tbs substance (B) acta as a 


monobasie add on aocount of its 
transformation into the " Hydroxy 
anhydride '* due to the mobility of 
a hydrogen atom as exjdained by 
Tborpe [See Thorpe and Thole 
(Trans. Chem S^ 1911, 99, 
2187) and Thorpe and Bland 
(Trans. Chem. Soc. 1912, 101 
867)]. 


CH-CO CH-CO 

R-C< >0 * R-C< >0 

CH,-CO CH-C-OH Hydroxy. 

Normal auahydride aidiydnde. 


The followmg expenments were 
further earned out with the sub- 
stance (B), and their results agree 
with the constitution assumed for 
It 

(1) Benzoylation - Action of 
benzoyl chloride on the compound 
in solution with pyndine produces 
a neutral dibenzoyl derivative 
which IS hydrolysed by alkali to 
the correspondmg ooumann-4* 
aoetacacid. 

(2) Elimination of COt : — 
By deoomposuig the dry com- 
pound under specially dry condi- 
tions, and reduced pressure, a 
phenohe substance results which 
sublimes and lowers the m p, of 
the correspondug 4*methylcouniar* 
in when mixed with it 

(3) Oxidation Oxidation of 
the substance in solution with 
aoedc add by chromic acid yields 
the corresponding ortho>hydroxy 
benzole 

(4) Acbon of acetic anhydride 
in the pre s ence (rf sodium acetate 
on the substance gives a crystalline 
aekbc compound which is suppos- 
ed to bs fonqed according to the 


reaction described by Gabriel and 
Neumann (Ber. 1893, 26, 951). 
The nature of this reaction is still 
under investigation. 

The resnlts obtained so far seem 
to indicate that the crystallisation 
of the crude product of higher 
m p. mto ooumarin 4-aoetic acid 
of lower m p. as reported by Dey 
in aome cases, may be due to the 
partial conversion of the substance 
of (B) type into Aat of (A) under 
those conditions. 

Farther work is u progress. 


IX.— Latent Instabsltiy *n the 
Atmosphere revealed by some 
Indian Tephtgrams. By Mias 
M. M. Paranjpb, B. Sc. 

By the application of the curve 
of saturation temperatures termed 
estegram ( S. T gram ) suggested 
by Dr. C. W B. Normand, for 
indicating humidity from the ther* 
mo-dynamic poht of view, about 
250 sounding balloon records over 
Agra, Poona and Hyderabad daring 
1929 to 1931 were examined from 
the pomt of view of latent instabi* 
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Uty. Typical cases are described 
and limitation of the records on 
accoont of hair hysrometry consi* 
dered* The conservative property 
of equivalent potential tempera- 
tore IS examined and m this oon- 
nection a review is made of the 
various types of adiabatic diagrams 
and their bearing on equivalent 
potential temperature. 

Sources of air samples relating 
to each individual record either ex- 
hibiting marked latent instability or 
no latent instability were investiga- 
ted by traciDg trajectories of upper 
air movement from the results of 
pilot balloon flights of the Indian 
net work of stations at various 
levels. Weather notes for all days 
of soundings bear out what would 
be expected namely that absence 
of latent instability is associated 
with dry, flne weather with occa- 
sional high clouds of non-convec- 
tional type and latent instability 
with oonvectional types of clouds 
like cumulus and cumulo-nimbus 
or ram or thunder or thunder- 
storms 

In general, marked latent insta- 
bility 19 asso ci ated with incursions 
of oceanic air of tropical or equa- 
torial origin having high equivalent 
potential temperature of the order 
of 340® to 350®A or more and 
decreasing with height , and that 
absence of latent instability is 
associated with oontmental air 
having relatively low E P, T. of 
the order of 320-330®A inaeas- 
mg or remaining approximately 
constant with height From the 
general arcolation of upper air 
currents over India, this explains 


the comparative scarcity of kteiit 
mstabihty m the wmter both at 
Agra and Poona and Hyderabad 
as contrasted with the remaining 
part of the year. 


X. — Studt§s tn Fsmo Hydrexids 
Sol By S. K. BORKAR and 
B. N. Desai. 

Measurement of charge on feme 
hydroxide sol has been earned out 
under vanoos conditions s.g , with 
progress of dialysis, m presence of 
electrolytes, from the pomt of 
view of critical potential, with 
progress of dialysis and with 
difierent dilutions. Simultaneous 
measurements of charge and vis- 
cosity with progress of dialysis 
have also been mode. 

It 13 found that with progress of 
dialysis the charge first increases, 
reaches a maxunum, and then 
decreases. The stabihty is found 
to decrease oontmuously. There 
IS an initial increase m charge on 
the addition of small quantities of 
electrolytes such as HCl, KCl 
azxl FeCl|. It is also foond that 
various samples of the sol coagu- 
late at the same value of the 
charge— the cntical charge-exoept 
in the case of HCl where the 
value IS sh^tly higher. 

On dilution it is found that sola 
dialysed for a period shorter than 
what oorrespoods to the maximum 
m the cataphoretic speed-dialyus 
curve, behave in one fashion; 
while those that are dialysed for a 
longer period behave difihrently. 

Measurements on visooaity and 
charge show tbut neitber the npw 
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of Dhar ( smaller viscosity, smaller 
hydratioa and greater charge ; and 
greater viscosity, greater hydration 
and smaller charge ) nor of Smo 
luchowski (greater charge, grea- 
ter viscosity , and smaller charge, 
smaller viscosity ) can individually 
explain the resolts. 


XL—AatioH of Nttrio Acid on 

Tin. By G. S. Kasbbkar and 

A. R. Noruand. 

The reaction between tm and 
nitnc acid nnder varying condi- 
tions has been studied by estimat- 
ing all the products formed during 
the reaction, whether m the dis- 
solved or in the gaseous state. It 
has been shown that during the 
above reaction in addition to the 
formation of stannous and stannic 
salts, hydroxylamine, ammonia, 
mtnc oxide, nitrons oxide and 
nitrogen are formed. Neither 
nitrons aad nor hydrazine were 
formed nnder the conditions stu* 
died. The effect of vanous cata- 
lysts on the reaction was also 
studied. 

It has been pomted out that the 
variations m the stannic tm and 
the gaseous reduction products of 
excess mtnc and go hand m hand, 
sriieteas the variations of stannous 
tin m sohition are similar to the 
variation of the reduction products 
in Bolntion, namely hydroxylami- 
ne etc. 

In an attempt to explain the 
reduction of excess mtnc acid not 
only has it been shown that nas- 
cent hydrogen could be the pro- 
bable reducing agent, but it has 


farther been suggested that the 
nascent hydrogen prodnoed by the 
dissolution of tm m mtnc aad may 
be of two different activities, the 
dissolution of tm to the stannous 
condition prodncmg hydrogen of 
one activity while the dissolution 
of tin to the stanmc condition 
prodncmg hydrogen of a different 
activity. 


XII — Siudiea in Solubihtjf, By 

P. G. Desai and a. M. Patel. 

Part. I. Effect of polar and 
non-polar solvents on the solubi- 
lities of some orgamc aads. 

The solubihties of benzoic, cin- 
nanuc, sahcyhc, phthaiic and auc- 
cmic acids have been determined 
m polar and nonpolar solvents. 
In the case of non-polar solvents, 
the solvent action decreases with 
the increase m the polarity of the 
solute, the solabihties of phthahc 
and succinic aads being negligible 
m these solvents. The order of 
solubility IS m accordance with 
the polarity of the solvents m case 
of slightly polar solvents, while m 
ease of more polar solvents, the 
order is not well defined. Ideal 
solubihties of benzoic, onnamic 
and sahcyhc acids are approadied 
in ethyl alcohol, while thoM of the 
more polar phthahc and sucomc 
aods are approached in methyl 
alcohol Chloroform and acetone 
behave abnormally. It has been 
inferred from the solubihties of 
aads m water, mttobenzene and 
alcohols that, benztdc riimenur. 
and sahqrhc aads form loose 
alcobolatas with the aolvwts. 
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while SQCciDic and phthalic adds 
fonn hydrates with water. 

Part II The solubilitiea of 
benzoic and salicyhc acids in mix- 
tures of solvents. 

The solubilities of the two acids 
were determined m a number of 
binary mixtures. It is found that 
when both the components of the 
mixtures are non-polati the solubi- 
lity composition curves are almost 
straight lines, whereas m case of 
mixtures of chloroform with aro- 
matic hydrocarbons, the curves 
are convex towards the oomposi 
tion axis. In case of mixtures of 
acetone with non-polar liquids, the 
curves are concave towards the 
composition axis. In case of 
mixture of alcohols with non polar 
liquids and with nitrobenzene, the 
solubility increases, teaches the 
maxunum and then decreases. 
Ihe same is the case with mix- 
ture of nitrobenzene with the non- 
polar solvents. The results have 
been explained on the basis of as- 
sociation and de association of 
molecules of the solvents when in 
presence of one another. 

Part III. Relation between 
adsorption and solobibty. 

Ths adsorption of benzoic acid 
by animal charooal, from mixture 
of 0) two nna-polar, (u) pdar and 
hon-polar and (ui) two polar 
solvents was determined. Adsorp- 
tions from am-polar liquids is 
greater than that from polar liquids. 
It IS found that an inverse relation 
exists between solubility and od- 
sorptioa In case (i), the adsorp- 
tioQ-coapositioa curves are almost 
straight luMSi while in ths two 


remaudiig cases, minima are 
generally obtained on the adeorp- 
tion-oomposition curves. It has 
been shown that in moat cases 
where maxima an obtained on the 
soiability-oomposition curves, mi- 
nima are obtsined on the adsorp- 
tion-ooaipoution corves. 

Part IV Viscosities of bmanr 
mixtures. 

The visooaities of the nuztnree 
of (i) two non-polar, (ii) two pidar 
( ill ) polar and non-pdar liquids 
have been determined. It has been 
shown that m caae of first typsb 
almost stiBitdit lines with di^t 
sagging an obtained. In mixtuna 
of second type^ viaooaity-OGrapoBi- 
tiOD carves an convex to the 
composition axis with a mimmnm 
point in the case of n-propyl aloo- 
hol-nitrobenzene system. In esse 
of the third type, tbe curves an 
convex to the oompoeition axis, 
with a muumum m the case cf 
benzene n-propyl alcohol system. 
An attempt has been made to re- 
late viscosity-composition corves 
to tbe solability-oompOBitioo corves. 

XLlh-Th* ActtM af Amtie 
Ankydnd* and Sodium Aos- 
Me on the Anhjfdrtdss ttf ^- 
Glutaeomo Add* The forma- 
turn of ^Aryt-Aoetw Aade 
wi^ an Addendum. By VISH- 
NU MahadboBhavb, M. S& 
Being the sommary of a thesis 
sobmitted m Juos 1932 bom 
the Ranade lodostrial and Econo- 
nuc Institute, Poona (4). 

(l) By die actxn of acetic 
aafaydode sad sodmm Mstats «d 
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the AahydrUas of P4U7l-^taociiuc 
adds, eaoLc forms of the ^-oiyl- 
gfaiteoonyl-aoetic acida of the 

genetsl stmctiire, 

CH-C-CH.COOH 
R.C< >0 , 

CH-COH 

have been prepared for the first 
time, 

[ R (a) anisyl, (b) phenyl, 
(c) ’methozy orthocresyl, (d) 
methozy para-cresyl, (e) methozy 
meta-cresyl, and (f) ortho- 

methozy-phenyl] . 

(2) llieir constitution has been 
determined by the isolation of the 
corresponding methylene-glutaoo- 

CH. C«CH, 

nidesR-C< >0, 

CH, CO 

^-aryl-Y-aceto-vinylacetic acids 
CH. CO CH| 

R-C< , arylidene 

CHi COOH 

CH. CO. CHi 

ketones R—C< and 

CHi 

^-aryl-Y-aceto-butyric aods, 

CHi CO CHi 
R-CH< 

CHi. COOH 

(3) A parallelism between this 
reaction and the Gabriel’s exten- 
don of Perkin’s reaction to 
Phtbalic anhydride has been 
estatdished. 

(4) The * enolic ’ or * hydroxy ’ 
glntaoonyl-aoetic acids have been 
converted into their ' keto' or 
'nonnal' forms 

CH.C-CH— COOH 
R-C< >0, 

CHiCO 

thos iiyiAifitally confirming Thor- 
pe’s VMW that ghitaoODic anhydri- 
des exist In the 'end' ue., the 
n 


hydroxy pyrone form. 

(5) llie reaction has been 
tried, on the hydroxy anils of 
atyl-^nlaoonic acids, 

CH.CO 

R-C< >N-C, 
CH-COH 

(6) It has been suggested that 
the possibility of the condensation 
of acetic acid with P-aryl-|dotaoo- 
nic anhydrides may be doe to 
coniugation. 

(7) The addendum consists at 
a continuation cf the work poblish- 
ed in the Journal of The Indiaa 
Chemical Society, J93t, 8 137, 
by Limaye and Bhave^ and the 

( 4-methoxy-phenyl )-aiid 9-( 4- 
methoxy-3-metfayl-phenyl)-glQtaco- 
me acids have been studied in 
more detail 

(8) Many functional deriva- 
tives like esters, semlcarbasones, 
oximes, anilides, benzoyl-denva- 
tives etc, of tbs main prodnets 
have been prepared Gn all soow 
90 new substances). 

D.B.L. 


XrV —Studyafthepeeltc chaugu 
Iff thepatato tubers at dtSferent 
stages of growth and in stor- 
age. By S. D. AGNIROTRI. 
( Dept, of Botany, Royal Insti- 
tute at Scienoe, Bombay. ) 

The study of the pectw changes 
in potatoes at difbrent stages of 
growth, maturity and of senes- 
cence during storage IS undertaken 
as It appeared from the survey of 
the bterature on the pectic cons ti - 
tnents of fruits agd otbs^ piaat- 
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organs that tbs softooitig of ths 
tissoe and its oltunata decay was 
doe to the pectic changee oocor- 
ring in them. The problem of 
potato storage is of economic im> 
portanoe in Western India and in 
spite of the efibrts of the various 
vmrkers there is no unanimity of 
opinion about the causes of decay 
of potatoes when stored during the 
Sommer months. 

The method of Caree and 
Naoji modified slightly for the 
n ftwdn of this investigation for 
extracbng and estimating diff- 
erent pectic constitnents are 
employed. The free soluble pectin, 
protopectin, middle lamella pectin, 
and total pectic materials are de- 
termined and expressed as calcium 
pectate number for the tubers at 
different stages of growth and at 
short intervals after storage till 
the tubers are completely rotted 

The free soluble pectin, proto- 
pectin, rmddle lamella pectm and 
total pectms begm to rise as 
growth proceeds and the mcreases 
becom e smaller at maturity. 

The free soluble pectin in- 
creases and the other three pectic 
oodstitoents decrease as the age 
advances, and as the rotting sets 
uf. 

The downgrade changes begm 
to occur in storage oonditioos and 
they are respoosiUe for the soften- 
ing of the tiasne which is cansed 
by the separation of the cells doe 
to loss of insolnble proto-pectio, 
and middle lamella pectin 
from ths cell walls. The bacteria 
and Other orguosna get a footing 
u k wm whan the tlasnaa softeo 


and hasten the rotting of the 
tubers. 

The study of the eflhct of tMS- 
peratnn on the pectm diangea id 
matore tnbers shows that the 
downgrade dangso on modi 
accelerated as compared to the 
similar changes in tubers storad 
at room temperatiires. 

AH tubers pass throucdi the 
same sequence of pectic changM 
and during the hot weather 
are, like all chemical reactkxu^ 
accelerated. 

The practical side of the potato 
storage is discussed in view of the 
results obtained and the Imes on 
which further investigation should 
be undertaken are indicated. 


XV.— The Kitieites qf Hdengt- 
tieout Orgfttno lUaahotu: A 
study cif the Reachon. 

By d R. Nadkasni, B. So, 
Royal Institute of Scienoe^ 
Bombay 

It 18 not dear from the litaraturs 
whether potaasinm qianide and 
benzaldehyds in ths abssDOS of any 
other siibstaimes can yield bsnsoui. 
It has now been shown that pars 
benzaldehyde and purs potassmm 
cyanide can yield benzom hot the 
reaction is readily inhibited by 
subetanoes snch as qninol sad 
alkali halides, which sis also siia> 
tive catalysta m the omdatioa of 
benaldalvde. Tha conflicting re- 
sults m the htaratnre have dm 
been traced to their source^ as the 
alkali balidea an likely i mp nt H iaa 
m potaasmin eyaaida. The Idni* 
ties of thie tsaedea have biMr 
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tHntSki M lOC/’C and alt room 
twqMnttnrob and may ba r epwe n - 
tad by tba Mowing equation : 

Rata of formatkm of benzttn " 
Ki [CtHi CHO]*[ benzoin ] + 
Ki[KCNl[C.H,CHO]». It 
to loggMted that two reactiona take 
riace: 

00 A homcgenaoos reaction 
between a trace of potaasium cya- 
nide dtoeolved in benzaldehyde. 
This leactko is antocatslytic and 
to not affected by inhibitora in 
the same manner as the heteroge- 
neooa reaction. 

(b) A heterogeneous reaction 
between solid cyanide and benzal- 
dehyde, the cyano-ion on the snr- 
boe of the crystalline cyanide being 
effective In bringing about the 
reaetum. This reaction is inhibi- 
ted by the negative catalysts which 
are adsorbed on the surtooe (ff the 
ioUd cyanide. 

The kinstiea of the reacttoo in 
preaenga of water have also been 
taveatigated. The rate (rf the 
homoge n eous reaction is unaffected 
but the reaction with sdid cyanids 
u teplaoad by reaction with cyano- 
tons. This heterogeneous reaction 
between the dissdved cyanide and 
benzaldehyde is more rapid than 
that with anhydrous cyanide. 

As the quantity of water is in- 
creased the dissolved cyanide to 
eittacted from henaldahyde and 
the homogeneous reaction ceases. 

Inhibitors act In presence of 
water bat tbsir effect to greatly 
nduced. In bet water is decided- 
ly a ealalyat for the reaction pro- 
bably becanas It indncea the for- 
ngtiga cf A cyano-ioat 


Current dNortoaof tbabsowin 
reaction whidi have oanmed that 
the preaance of water to eaaantial 
for it to proceed are dlicmaed in 
the li^t of the above reaulta. It 
18 pointed out that under anhydrous 
conditions the potassium cyanohyd- 
rin oompound itself reacts wfaereas 
m presence of water the cyano-ion 
brings about the reaction. 

The necessity for the presence 
of benzoin before the bomogeneouB 
reaction can proceed may be ez- 
pbined by the following senes of 
equations* 

1. CtHiCHO-i-KCN "C|Hi 
CH (OK) CN. 

2. CiHiCH (OK) CN-l-CiHs 
CHO -C.H,C (OK) (CN) CH 
OH. CtHi. 

3. C,H,C(OK)(CN)CHOH. 
CiHi-l-CiHiCO CHOH CtH» ■» 
2C«HiCOCHOH C|H»+KCN. 

S. M. and D. N. 


XVI.— C«tfMloa«>VtMM fiea sfiww. 

By B. B. Saroeshpanob. 

This work was undertaken to 
work out proper data pertaining 
to the yields of oellolose from 
Bombay nee straw under variooe 
conditions of alkah ooneentratiaa, 
temperature and tune of dlgestiOQ 
and to find out whether it is pos- 
sible to prqiare paper and allied 
products from the celloloao obtam- 
ed bom Bombay nee straw. 

The mvestigation has shown 
that Bombay rice straw contains 
48 toSS^totalcellnkiset. Out of 
these 34 to 37% to alpha eallnloas 
and the reet beta and guoma cel* 
lu gptofd mill 
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therefore, the yidd of oellnloee 
from Bombay noe straw should 
be about 36 to 37%. To produce 
good quality of cdhilose the straw 
should be digested m 3% alkah 
solution at 140°C for l4 liours. 
Total alkali required for complete 
digestion of the straw is 10.5%. 
Total amount of bleaching powder 
required for the bleaching of the 
cellulose is 4.5% calculated as 
CaOCli The fibres of rice 
straw resemble those of esparto in 
many respects. As the fibres of 
nee straw are shorter in length 
they have to be mixed with asmall 
percentage of cellnlose with longer 
fibres for ordinary paper manufac- 
ture. Samples of paper have been 
prepared from the cellulose ob- 
tained during the investigation 
and these have been favourably 
reported upon by paper makers 

M. S. P. 


XVIL— Store* and otl from 

Jewar. By K. P. Shah. 

This work was undertaken to 
find out a suitable process for the 
extraction of starch from Jowor 
and to study the properties of the 
starch and the nature of the bye- 
products. 

The mvestigstion has shown 
that sulphurous acid process is a 
moat suitable one for producing 
starch from Jowar. The yield of 
the Btuch by this process is 52% 
of the total weight of Jowar taken. 
It was found difficult to separate 
the germs completely from the 
grain by floatation. It is therefore 
pecessai^ to wof k pqt sgme other 


prooees for the aspaiatfon of the 
terms. The gelatfmsatKln tem- 
perature of jowar staccdi has been 
found to be fiT’C. Jowar etardi 
grannies are pdlygonal m ritapa 
and larger m size than those of tiia 
maize and nee starch. The stardi 
gives a good paste without any grit 
and acted asagood bmdug material 
for the size. The starch gets 
desized very easSy. The viscosity 
measurements showed that jowar 
starch resembled wheat starch 
m Its place forming qualities. The 
waste bran obtamed after separa- 
tion of starch from jowar contains 
about 11% protem matter. The 
od obtained from the germs of tho 
jowar gram is a senoidrying oil re- 
Bemblmg maize oil m its proper- 
ties. It had the following ana- 
lytical characteristics —Colour, 
Golden yellow, Sdidifying point 
f? to , Speafic gravity 0*910 
at 28^C, Refractive Index 1*467 
at ZtCC , Sap. value 173 2 ; Iodine 
value 126*8 ; Unsapomfiable matter 
7 9% , Iodine value of the mixed 
bitty acids 130, Neutralisation 
value of the mixed fatty acids 
166 5, Sap. of the mixed fatty 
acids 186*1. 

M. S. P. 


XVin.—Hydfogtnahon of Com- 
mon Indian otto. By B. S. 
Kanvindb for the M. Sc. 
degree of the Umverstty of 
Bombay. 

Thu work was nndortakeo to 
work out a suitaUe data for tib 
manufacture of tallow sobedt u te 
firam vagetaUq oils b}p studjnn({ ^ 
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Ity Ji ogen atk tooflndfaaoibtreAted 
alooB or in miztora in vulona 
pioportioiii. 

Gnond oiI| linseed oil, castor oil 
oocoannt od and cotton seed oil 
were hyd r og en ated nnder various 
oonditiona of catalj^c concentration 
naing both aiqiported and un- 
a o pported catalyst From the 
remits obtaued it has been found 
that a nuztnre of groundnut oil 
(pea-nnt oil) oocoannt od and 
castor (r 1 in a definite proportion 
will give on hydrog e nation a pro- 
duct which has almost the same 
physical and chemical character- 
istics as the aiumal tallow. The 
investigation has further shown 
that the temperature of reduction 
has ooosiderabls influence mi the 
acbvity of the supported catalyst 
The melting pomt of groundnut od 
at any particular degree of hydro- 
genation IS the same irrespective 
of the nature and oonoentration of 
the catalyst used dnnng the 
hydrogenaboo. Mixture of oils 
consisting of glycerides having 
aunilar constitution have in general 
a mean coarse of befaavioar durug 
hydrogenation In relation to in- 
dividual oils. 

M. S. P. 


XIX. — TIu Photo-rtduchoti 
Ftrrio Chtorid* in Alcohoho 
Sebdiem : By P. S. Limatb 
B. S&, The Royal Institute of 
SctODCAs 

The photo-rednctioa of feme 
chloride in aboboho sofutions has 

(MW stq4>e4 ia suali^ aad ia 


artificial light It has bean found 
that in both the cases the lednction 
takes place u two stages: the 
Older of the reduction In the first 
stage m the two cases is zero 
molecular. But in the second stage 
It IS anunolecnlar m the sunlight 
and zero molecular m the artificial 
liCdit The extinction coeflSaent 
measurements of the solutions 
exposed to artificial light also show 
a sudden decrease in value after 
sometime. The change m the 
stage of the redaction from the first 
to the second in the above case is 
not doe to the formation of colloidal 
feme hydroxide as it has been 
found to retard the redaction u 
both the stages. The conductivity 
of solutions of feme chlonde ex- 
posed to sunlight also indicates 
that a change m the mode of 
reduction takes place sometimes 
after the exposure. The results are 
explained on the assomptxm that 
molecular species containing feme 
ions are fonned and they bring 
about the change in the mode of 
the reaction. 

The qnantnm efliaency for 
adahona of concentrations between 
0.1 M and 02 M lies between 
1 and 3 at 30** for radiations lying 
m the visible region and it in- 
creases with (i) temperature^ (u) 
concentration of the solution and 
(ui) frequency of the incideat li^t 

S.M. 


X3ir—Studt4t in T$Um$um Di- 
ozufo Sol, By Miss Ouvb 
Joseph B. Sc* The Royal 
iQstitqta cf Soanca, 
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Tbo ooagalatloD of Um tituunm 
dKOHk so) by sodiom and magne- 
sinm cUortdes has been folkmad by 
the tbennopile method during the 
progress of the dialysis of the sol. 
The oosgolation velocity curves 
are ‘S' shaped for sols dialysed 
up to ten d^rs ; sols dialysed for 
longer tune do not show the auto- 
catalytic nature of the coagulation 
process. Smduchowski’s equatum 
applies to the coagulation of the 
titamnm dioude sol for only a 
lunited tinge of the concentration 
of the coagulator. 

The changes in the viscosity of 
the sol, dialysed and ddntod to 
different extent, are measured with 
the progress at tuna when the sol 
IS coagulated by mono, di and tn- 
valent electrolytes and mixtures 
of these electrolytes with non-elec^ 
tiolytes (methyl, ethyl and n-pro< 
pyl aloob^). In each case thq 
viscosty increasea to a maximum 
value and than begins to decrease. 
With dectrolytes almie the tune> 
viaaoBity corves ate straight nsug 
ones but m the presence of alcohols 
which exert pepbsing influence, 
these curves are ‘S’ shaped. 

S,M. 


XXL— SfMdiss tff Cma Hydro- 
xtd* Sol. By M. V. Nabar 
B.Sc., Royal Institute ai Science, 
The ooegnlation of the oenc 
hydroxide sd, dialysed and diluted 
to different extant, bos bean studied 
when the ad 18 oosgolatad by 
acdmm and magaesiam chlorides 
nnd by a nustnie of sodiqm cUo* 


ride with alcohols Onethyl, picnd 
andamyOand solutions of ngKe 
(cane sugar and cdoooss). The 
coagulation velodty curves an ‘S' 
shaped for impure and the concsi t - 
trated ads and steep for those dilnt* 
ed and dialysed for a long tuna, 
Smduchowskrs equation opdies to 
the coagulation cf the oenc hydro* 
xide sd up to a limited tangs cf 
the ooncentiabon of the ooagnlatoc. 
The alcohds senaltiBe and the 
sugars protect the coagoiotioa cf 
the sd by eiectidytes : these ao- 
tiona increase as the sol gets pmw. 
The sensitismg action of alcohols 
incTsaseB na 

CHiOH >C|HiOH >CiHiiOH, 
Cane sugsr and glucoee act os 
protecting agents and the protect* 
ive actum of cane sugar is gisatec 
than that of glucosa. 

S. M. 


XXII.— SfMdiM »fi CoMtom 
Oxtdo. By T. S, SORATBAR 
B, Sc, Royal Institute of 
Soenoe. 

(A) It hae been shewn font 
oohaltous oxids can be prepared 
by heating the cobalt carbonate 
under vacuum to 670** but foe 
oxide obtamed at hi^iar tempero* 
turns shows a tendency to dis* 
sociate. On exposure to air foe 
oxides adsorb oxygen and darken 
in odour. They contain native 
oxygen whose quantity decrssaes 
as foe tamperaton of foe pnpsta* 
tioo IS raised. Tbs odo« of foe 
oxide changes fiton yellow to 
browns iti danei^ incteeaea and foe 
catnlytie activity decmniie gifog 
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taapttatdrtof the preparation la 
raised bat the sdnbility bsnlpharlc 
and hydrochloric actds is not much 
a£EKte(L 

If the oxide is heated at a 
faTtimlar tempetatoie for a long 
tuns then it does not show any 
tendency to dissociate and the 
composition of the oxide approxi- 
mates more and more to the for- 
nnila CoO. The stabihty of the 
oxide also increases on increasing 
the doratun of heotingi so much so 
that the sample of the oxide 
obtained at 900° does not change 
even on keeping for two months 
Also the density, the solubility m 
snlphanc add and the catalytic 
activity for the decomposition of 
hydrogen peroxide decrease con- 
■idarably on increasing the dura- 
tion of heatmg. 

(B) The action of snlphunc 
add on the mixtores of the 
oobaltous and copper oxides and 
the mixed oxides obtained on 
heatug the mixtures of the cobalt 
and copper carbonates has been 
stodlad. The results obtained have 
been earned on the assumption 
that be mixed oxide is a mixture 
of copper and cobalt oxides when 
the mixed carbonates are heated 
npto 700° but the samples obtain- 
ed at higher temperatures may 
oontam CuiO, C0|O| and CoO. 
The stady of the systems 
OdSOt- C0SO4- HiO and CnSO^ 
-NiSOi-HiO 

hae indiated bat no oomponnd 
femnation between copper and 
ootadt solphatea and ooppar and 
nickel ao^iiiaisa ttdna phiee. 


XXni -X-n^ iwaatig/tHon qf 

th0 cryttals qf Hydratobtiuuie 

and Dttheu}^ Nttroaoamtn*. 

By S. G. Khubchandani. 

The crystals of hydbzobenzens 
(C«H»NHNHC|H|) and of 
diphenyl nitioeoamine [ C« Hi N 
( NO )'Ci Hi ] have been studied 
by the rotating oystal method 
using a Shearer gss tube fitted wib 
a copper anticathode and a Bernal’s 
Umversal Photo-gomometer. The 
dimensions of the umt cell of the 
crystals of hydrazobenzene are 
band to be be following *. 
a- 10*46 A®; b- 1060 A®; c- 
1863 A® 

The planes (001), (010) and 
(100) are halved and also (Okl)are 
halved when (k+1) isodd,(h01) 
halved when (h*fl) is odd and 
(hkO) halved when (h*l-k) is 
odd. The crystals belong to the 
space gronp Qt* and be nmt cell 
contains eight molecnles. 

The dimensions of tbs nut cell 
of the crystals of diphanyl nitroeo* 
amine are found to be the follow 

mg; 

a- 17*08A®,b- 8*867A®,o-a8‘ 
07A®. 

The planes ( 001 ) are quartered 
and ( 100 ) and ( 010 ) are halved 
and planes ( bkl )are halved when 
(h+l)i8odd. The oystala be- 
long to be space group Cih' and 
that the unit cell contains sixtaen 
molecnlas- 

It has 1)060 diown bat ba 
mol ecnles of hydrazobenzene he as 
m Fig. 1. The two rlnga of the 
mdecule are In^ned epfMifedyto 
ba iMe by TM 
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Quit call of diphoiiyl nitrosoatnuia 
bdiavas like an orthogiraal cell ami 




H-N 

I 

H-N 



XXV . — Study of the constitu- 
tion of the reduction products 
of chloral and bronud amides 
Part I By B H Yelburgi 
Chloral amides were reduced 
with zinc dust and glacial acetic 
acid by Meldnun and Alimchan- 
dam ( J. Indian Chem Soc. 1925» 
2, 1 , 1929, 6, 253 ) and also by 
other workers in conjunctum with 
Meldrura They assigned the 
saturated formula to the reduction 
product 

1 . e— CH OHCHCl* 

CH, CHCl, 

In the present work with chlo- 
ral and bromal amides, it is found 
that the constitution is not os given 
before but of unsaturated com- 
pounds like CH CC1| or— CH * 
CBri The reduction products of 
diloial acetamide, chloral propiona 
mule, chloral benzamide, and 
bromal benzamide are studied in 
detail The foUowmg reactions are 
tried to confirm the constitution. 

Action oi dry hydrogen chloride 
or hydrogen btooude in dry ether- 
eal solution did not give the com- 
pound of dosed chain as waa ex- 


dienidecalea iatbeoallanphoad 
as in Pig.2. 




F«.2. 


M P 

pected but a compound of the 
type-CHX+CHXi ( where X is 
halogen) is obtained whidi la 
very easdy hydrolysed to-CHOH- 
CHX,. 

The presence of OH group m 
the compoond of the type CH OH 
CHXs is oonfirmed 1^ the actum 
of (1) phos[dionis pentachlonde (2) 
phosphorus pentabronude (3) acetic 
anhydride (4) phospbonis pent- 
oxide (5) benzoyl chloride (6) 
phenyl bydrozme and (7) dimethyl 
sulphate. 

(1) With phosphorus pentar 
chloride the compound obtained 
is identical with that obtaiasd by 
the action of dry hydrogen chloride 
on tbe reduction product, and it la 
turned mto an anilino denvative. 

(2) Phosfdmms pantabromida 
gives similar prodncta. 

(3) Tbe reaction of acetic an- 
hydride vanes with the ccmdi t iOBa 
of the reaction e.g, (0 Inthapn- 
aenoe of co n caa fa a t ad aolphnnc 
aad at 0° aoe^l derivative » 
obtained, (u) in the preaenoe of 
ooaoentnted solpboric acid bat at 
the taavacBtnra of boiling vittar, 
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origiul radnctioii product is 
obtaiDsd and (ui) m the presence 
of alkali at 0^ an anhydro deriva- 
tive IB formed by the elimination 
of water from two molacolea of 
the oompotind. 

(4) Phosj^iarus pentoxide 
gives original redaction product 

(3) Bea 2 oyl chloride m the 
presence of pyridine gives two 
prodacts (i) in the warm, anhydro 
compoand la obtained, while (ii) at 
0^ only benzoyl derivative is ob- 
tained. 

(6) Phenyl hydrazine gives 
diidienylhydrazones. 

(7) Dimethyl sulphate gives 
methyl ethers. 

Other reactions like that of con- 
CMitrated nitnc acid, ammonia, 
caustic soda are also tned with 
benzamide compound, with a view 
to isolate the derivative of the 
other half but without success , and 
only derivatives of benzoic acid 
could be isolated. 

PART IL—Condefuahon of 
bromal hydrate mth aitphatta 
amtdea. 

The bromal denvatives are pre> 
pared from formamide to pelargon 
amide and their properties with 
the corresponding chloral deriva* 
tives are compared. It is found 
that in the case of bromal deriva- 
tives, higher homologues can be 
more easily prepared than the 
lower ones. 

The foUowing reacbons of 
hydroxy group are studied. 

(l) Acetic anhydride gives an 
acetyl derivative as well as an 
luihydro oomponod. ' 


(2) Benzoyl cfalonde gives 
benzoyl derivatives. 

(3) Dimethyl sulidiate gives 
methyl ethers. 

(4) Phoaidionis pentachloride 
gives different prodacts according 
to the qnantitiBS of the reagent 
used when the oondensatioa pro- 
dnct and phosphorus pentachloride 
are m the proportion 1 1, OH 
group only is replaced by chlorine 
atom , with 1 ' 2 a oompound with 
two atoms of chlorina is obtained, 
probably doe to a tautomenc 
change first taking place at the 
CO group , while with more pen- 
tachloride the bromioB atoms are 
replaced one by one except the last 
one. 

Reduction of the condensatton 
product with zinc dust and glacial 
acetic acid gives unsaturated com- 
pounds of the type R CONH CH 
CH Br , but if the reduction of 
the acetyl derivative of the con 
densation product is earned out 
under similar conditions, the re- 
duction products have the oonsb- 
tution similar to chloral drivatives 
M RCOHHCH CX» 

G.V.J. 

XXVI — Condet$sattof$ of alkyl- 
o-Mutdtnes mth chloral 
hydrate. Part I — By A. H. 
Advani for the M Sc. degree in 
Mardi, 1933. 

Methyl and ethyl-o-toluidines 
ate condensed with chloral hydrate 
in the preaeooe of fused zinc 
chbnde and the oondensatlnn pro- 
ducts were laofatod fnm the 
hydrochloride by means of am* 
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monia. Thoy are ocmvarted into 
lutrosoderivativaa by means of 
nitrous acid and their mono and 
di-aoetyl derivatives are described 
These acetylderivatives give the 
same reduction product p- ( 3- 
dichloroethylens )-0 N-alkyl-aoeto- 
toluidide-when reduced with zinc 
dust and glacial acetic acid. The 
condensation product with dilute 
sulphuric acid forms sulphate 

The diacetyl derivative on oxi- 
dation with potassium perman- 
ganate gives acid which on de- 
acetylation gives p methylamino- 
m toluic acid which proves the 
pomt of attack for chloral hydrate. 

PART IL — Nitration of chlo- 
ral alhyl-o-tolmdtnes and chloral 
(Akylantlines 

By the action of concentrated 
nitric aad, at the temperature of 
freezing mixture, on p-(a-4iydroxy- 
P-tnchloroethyl) 0-methyl toluidine 
I a moDO-nitro compound II, with 
the mtro group m 0-position to the 
ammo group and chloral group in- 
tact IS obtamed The diacetyl 
derivative of II is described. If 
the mono or diacetyl derivatives 
of 1 are nitrated, 2-methyl-4-( a 
hydroxy P-trichloroethyl ) phenyl 
N-methyl mtramme III is obtain- 
ed which IS acetylated. 

With warm nitric aod, I gives 
a dmitro compound IV with the 
other mtro group in place of the 
hydrogen of the ammo group. 
This is further acetylated. Still 
farther action of utric aod re- 
moves the chloral grcmp and it is 
replaced by a i^tro group* This 
mtro compound with oonoentiated 
aalpboTK eddgiva adiidtr^^ 


amme. 

When compound IV is oxidised 
with alkalme potassnm perman- 
ganate 4 - methyl mtiBmino-3- 
metbyl-5-nitro benzoic acid is ob- 
tained. 

Similar compounds are obtained 
from p-(a hydroxy ^ tnchloroethyl) 
-0-ethyl toluidine. 

From p-( a-hydroxy-P-tnchlo- 
roethyl ) dimethyl anilme, a 
trinitro compound is obtained with 
chloral cham unaffected and a 
hydrogenation of the dimethyl 
ammo group replaced by mtro 
group , but by farther action, 
whole methyl group is replaced by 
mtro group Their acetyl deriva- 
tives are described 

PART III --Halogenation of 
chloral- A IkyUo-toluidines and 
miralion q/ iho resulting pro* 
ducts 

Bromioation and chlorination 
of chloral methyl and ethyl-o-tolui- 
dines IS carried both m the pre- 
sence and absence of a earner 
( Iodine ), when mono-halogen 
derivatives are obtained m both 
cases, withhalogens mO-positionto 
the ammo group. This is proved 
by preparing di-acetyl derivatives 
and by oxidising with alkaline 
potassium permanganate when a 
bromo or chloro ketomc aod is 
obtained. 

With mtnc acid, these hakigen 
cxxnpoonds give rntrodenvahves 
with mtro group in {dace of the 
hydrogen of the amino group as 
proved by the formatku of ody 
DKmoaioetyl darivafaves. 

G.VJ# 
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XXyiLr^"IntmKhon^fth*myl- 
Morid* with th* of 

Aromatio Ifydroxy aotdt in 
th» pmtnot of flnOy divtdtd 
ottppt^ (A Bynthfisu of thio 
ethers of the aromatic hydroxy 
acids). By Y. M. Chakradbo, 
the Royal losbtote of Science, 
Bombay. 

Ttuonyl chloride is known to 
react with aromatic hydroxy 
compoonds, prodacing chloro- 
denvatives, esters of sdphuious 
adds, Solphoxides or Snlphones 
depending npon the cooditicms of 
reaction. 

Phenols react vigorously with 
thionyl chloride to give condensa- 
tion product, containing sulphur, 
while acids, including hydroxy 
hwnr.oic acids, yield aod chlorides 
or anbydro oomponnds, wherever 
they react It was, therefore, of 
mterest to see if hydroxy benzoic 
aoda could be made to give these 
omnpoanda. Esters of hydroxy 
acids m question were usual smoe 
it was found in this laboratory 
(by N. W. H.) that various 
anhydto oompoonds are formed by 
the mteraction of— OH and 
— COOH groups. 

The mechanism of the reacbon 
con be illustrated ss foUows, with 
the help of sahcylic aod. 

(i) 3 Cu+4 SOCli-*S|Cli+ 
3CuCI|+2SOi 

(u) 2C«H«OHCOOCHi+Si 
CliSj (C*H|.OH.COO CHi),. 
S+2HC1+S 

(ih) 2CuCl, + SOi - CuiClt 
+SOtCli 

(iv) 5CiiiCl,+4 soa,-Si 

C],+6 Ctia;+2SO| 


Tbioafi cfaipnda first rssiQta wittt 
QOppv to give solphor mooo- 
dilondo, whKh m its tnroi actSi In 
presenco cf Copper, on the ester to 
yield the condensation prodoct 
Copper chloride is formed in the 
first stage atkl sulphur precipitated 
during the second part of the 
reaction. Suli^ur dioxide, which 
IS abundantly formed m the re- 
action reduces cupnc chlonda to 
cuprous chlonda, which is acted by 
thionyl chloride again to produce 
more oi sulphur monochloride, thus 
rendering the reaction continuous. 

Following reactions lead their 
support to the proposed mechan- 
ism, 

(a) Anhydrous cuprous chloride 
m place of finely divided oo{>per 
leacts to give the oondenaation 
product 

(b) Hydrated cupnc chloride 
reacts to give the product, but 
anhydrous cupnc chloride does not 
react to give the product It reacts 
to give the product only when a 
trace of water is added or sulphur 
dnxide is passed m the reaction 
mixture. 

(c) Sulidiut monochlonde alone 
does not react so as to prodooe 
the thio ether, which is easily 
obtained m presence of lannH 
quantitiee of copper. 

As regards the oonstitution of 
the condensation product (a) the 
ptesenoeof the-OH group in the 
molecule has been proved by 
preparing acetyl, beneqyl «od 
matboxy derivatives ; (b) Um 
sulphur Unking in p-podtioo to 
tbeOH gronp has bean coo- 
finned by deoitritinit tb, (oq. 
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densation product ; (2) by bromi- 
Dating it Arat and then nitrating the 
t»Dino compound and thus gettmg 
the known bromo-nitro deriva- 
tives. When the compound is 
heated above 280^, hydrogen 
sulphide IS evolved, showuig the 
presence of the sulphide structure. 

Thus the thio-ethers of salicylic 
aad, O-and M-cresotinic acids and 
4-methoxy salicylic aad, have been 
prepared with their various deriva- 
tives and salts. 

N. W. H. 


XXVIII.—DsnwotfWs 0/ salicy- 
lic actd by M. R Jambhekar 
(The Royal Institute of Science, 
Bombay). 

The Thesis is divided mto three 
parts —( 1 ) Study of the isomeric 
nitro-toluene-sulphonic acids (2) 
synthesis and constitution of 4-sul- 
{dto-salicylie aad (3) Derivatives 
of A-snlpho-salicylic acid. 

PART I. — Nitration of toluene 
p-solphonic acid is effected so as 
to get the sulpho-nitro-toluene free 
directly, using acetic anhydride 
m the place of concentrated sul- 
phuric acid as a medium for nitra- 
tion. 

0-nitro-toloene also has been 
sulphonated at various tempera- 
tures with the view to And out 
whether 2-Nitro-tolnene-6-sulpho- 
Dic acid IS obtained together with 
the 2-mtro-tolnene - 4-snlphomc 
acid. The work is in progress 
and it IS expected that 2-mtro- 
t61nene-6-su]phomc acid may be 
obtained from the mother-bqoor 
Qo closer myestigation of it, 


In the meaowhils 2-nttio*to- 
luene 6-snlphonic aad has been 
obtamed from 2 4 dmitroitDlnoiiB- 
6-siilphomc acid by the elimination 
of the 4-mtro group. Composl- 
tionof the 2 nitro-toliiene-6-snlpho- 
mc acid IS CtHtOiNS, 2HiO* 
Barium salt (CiH(0|NSli Ba, 
8H|0 Its sulphonyl chloride is 
a hqmd and snlphonamide m p 7 

2 4 Dimtro-tolnene-6 sulphonic 
acid IS very convemently obtamed 
by Eulphonation Arst of p-mtro- 
tdnene and subsequent mtration 
of 4-mtro-toluene-6-sulphODic aad. 
Firee-snlphonic acid can be ob- 
tained direct from the mtration 
mixture by slight dilution. Com- 
position . CiHtOiNiS, 2H|0 ; 
Potassinm salt CrHiOiNtSK, 
2H|0, sodinm salt CtHiOtNi 
SN a^calciom salt (C|H»OtNiS)( 
Ca, 4HtO, Barium salt (CtHiOt 
N iS)i Ba, 4HtO. Sulphonyl chlo- 
ride CtH» 0«N|SC1 m.p. 107**. 
Snlphonamide cannot be obtained. 
2-Nitro-4-aniinotolaeDe'6>snlpho- 
me acid CiHtOiNfS, Potassinm 
salt CtHiOiNsS, K, 2H|0 snlpbo- 
chlonde and sulphonamide . 4- 
diazo-A-mtro-toInene 2-8ulphonate 
decomposes violently at 160**. 

PART II —On oxidation of 2- 
mtro-tolneoe-4-8alphomc aad with 
potassium permanganate at room 
temperature 2-mtro-4-8ulpbobeo- 
zoic acid CiHtOiNS, 2\ HtO is 
obtained. Aad potassium salt is a 
anhydrous, banoffisaltCtHtOTN-S 
Ba, 2HsO. Acid dichloride is 
bquid and diamide melts at 223**. 
225^ aad monochtonde m. p. 
202° and monoamide 192^. 

On lednang the 2•nltIo.4.sll^ 
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|2io-bsiiSMe sdd with dn and 
bydrodilorlc add 4*siilidi(Mui< 
thianilic add la obtaised 
oomp— CiHrOiNS, HfO, faannm 
salt Cr Hi 0| NSBa, 4-stilpbo- 
anthnnllainide CiHgOiNiS m. p. 
227*’-28‘’. The diazo snlphonate 
C«HrN . N'COOHSOt, H|0 

decomposes at 163°-164°. On 
boiling the diazo-sulphooate with 
water apart from the diazo mix* 
tore free-4-8alpho-salicylic acid is 
directly obtained. It is hygrosco- 
pic at 35° (room tempetatnre), 
oomp. CtH( 0|S, 3H|0 (air dry * 
imp. 82°); CiHgOeS, 2H|0 
(desiccateral ; m. p 133°) , acid 
sodinm salt CtH| 0|S Na, 2H|0 
Aod-potassiam salt CfHfOiSK 
Barium salt CtHiOiS Ba, 4H|0 : 
calcinm salt CiH«OiS Ca, 6H|0. 

On fnsion with potassium hy- 
droxide 4-salpbo-salicyhc add 
gives 2 . 4 dihydrozy benzoic aad 
(P-resorcylic aad) m. p. 208°. 

PART III. — 4-sulpho-salicyhc 
acid 18 nitrated, and bronunated 
and It has been shown that not 
mly mono-Ditro-solpho and mono 
bromo-sulpho-salicylic aad is ob- 
tained, bnt a dinitro-sulpho and 
a dibronao-snlpho-salicylic is ob- 
tained : which shows the unosual 
stability of 4-8nlphcmic add gronp ; 
nnseen in 3-siilpho and 5-snlpho 
salicylic adds. Tnbiomo^-snlpho- 
salicylic aad also is obtained on 


farther bcominatiOB whidi shows 
that die ditectiiig inflasncBB of 
I»-Br + m— S0»H+0— Br>Qian 
the repelling influences of — OH or 
— COOH. 

The compoonds described are 
as follows . — 

2 15 

(1) C|H« • OH -COOH -NOi. 
4 

SOiH 2HA m. p. 166-1670. Po- 
tassium salt, CtHiC^NSK, HiO : 
borram salt QHiOiNS Ba, H|0 . 
ammo aad CtHtOiNS. 

2 1 3 4 

(2) CsH OH COOH-NOfSOs 
5 

H*NO| (decomposes above 260o). 

PotassiamsaltCiHiOioNiS K|* 
barinm salt CiHiOwNsSBa, 2HtO 
nxmo-atnino acid CrH|0|N|S ; 
diamino aod—CrHsOiNiS. 

2 1 5 

(3) C,H,-OH-COOH-Br 

4 

SO|H, 3HtO— Add potassmm 
salt CtHiOiS Br k h^om aalt 
CtHA S Br Ba, 4H A 

2 13 4 

(4) C«HOH*COOH*Br*SOi 

5 

H Br, HiO bannm aalt CrHiOi 
S Br»HA 

2 13 4 

(5) C«-OH*COOH*BrSOs 
5 6 

H • Br ‘ Br • 4HtO . bannm salt 
GHOt SBn 2HtO. 

N.W.H. 



Notes and News 


We are glad to note that our Notes and News ” in the iatoa of 
last September were reviewed in the 1933 Febroary Nomber of the 
Naiurt ( No. 3303f VoL 131 ) and the mam idea underlying them was 
favourably endorsed by its editor. We pomted out then that there w^s 
a Benoua gap between the rapid scientific advance on the one hand and 
the stationary ethical position on the other — a gap which threatened the 
disruption of civilisation and that it was the urgent duty of every 
university to see that this gap was closed up, that the advance of scienoe 
proceeded along a parallel advance in man's ethical and spiritaal 
dovebpment, and that the motto of science should be not only Truth 
but Truth and Service. 

The failure of the World Economic Conference recently held m 
London from which large developments were expected and on which 
great hopes were built is one more illustration of the statement made 
above. The cause of the failure of the Conference may be summed up 
m one word. The statesmen of the diSbrent countries of the world who 
met together for the first time in the history of the world for evolvii^ a 
common formula to solve the present day economic world problem did 
not agree for the simple reason that they did not tbnk in terms of 
humanity as a whole and did not wish to plan for the whole of mankind 
but each representative thought m terms of bis own country and want- 
ed to get as much for his country as possible A very narrow outlook 
indeed 1 It seems that the following lesson has not yet been learnt . 
ms., that the world is one orgamc whole and that the difoant countries 
of the world are so many parts of that organism and that ono country 
cannot expect to prosper at the cost of another country, however small 
it may be ; all rise and fall together. The weakness of one part of the 
human organism makes the wbde organism week. Each one Bbould 
co-operate with and help the other if the whde organism is to be made 
sound and healthy. If the present world depression has not taught this 
lesson then what will ? If the last great war, with all its duefdl after- 
effects, has not taught this lesson then what will ? Are still greater 
suffenng and misery and economic depression necessary to teach that 
lesson 7 Suffering is the greatest of teachers. But is there no other 
alternative? Cannot the same lesson be leemt in some other way 
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withoat ondeigDing sofiisring ? Yes, it is possible. A n$w orienlaHon 
is fiscessary* In giving this oew oriantatioin the university oould and 
ahoold pky a very important part. If it is taught from the very begin- 
ning that there is a greater pleasure and happiness m giving and 
shanog what one has got with others than in receiving then the knotty 
economic problems will automatically disappear This brings us once 
again to the question with which we began bow to bridge the great 
gulf between the rapid saentific and engineering advance on the one 
hand and the stationary ethical position on the other ? How to make 
man control himself before the control of Nature is put into his hands ? 
In other words, how to make him ethically fit to enjoy the gifts of 
soenoe ? How to make him realise his great responsibility as to the 
nse of the forces of nature placed under his command ? If be makes a 
good use of them then peace and joy, plenty and prosperity, leisure, 
culture and refinement will be the blessings he will be able to give to 
the whole humanity. On the other hand, if he made a bad use of them 
then the whole fabric of avilisation would tumble down. These dan- 
gers to our present avilisation, due to the neglect of the ethical values, 
have been recently emphasised by the distinguished Presidents of the 
British Association, Sir Alfred Ewing and General Smuts. 

The excellent and thoughtful lecture given by Dr Alexander 
Findlay, on Science and the Community ” on 10th November 1932 at 
the Textile Institute, Manchester, strikes the same note and deserves 
our careful study. This lecture is an attempt to show that m the study 
of science the utihtarian point of view has been too much emphasised at 
the cost of the development of the finer qualities of human nature. In 
the study of science we should see that the human factor and the higher 
values of life are not lost sight of Science should now be humamsed. 
The cuitural and spiritual side of science should now be emphasised. 
Dr. Findlay wants the Scientists to recognise that Truth which is the 
Motto of Soenoe is only one of the three great primary aims or ends m 
human nature ; the other two are Beauty and Goodness which are 
equally important. If we desire human nature to be developed fully 
and completely, tf we wish to have an all round development of the 
human personality then all these three aims must be pursued. There li 
noahorphneof demarcation between Truth, Beauty and Goodness. 
Some branches of study emphasise one aspect and some another bat 
each of the fdlowlng subjects given in the table below should be treated 
in such a way that while it emphasises one aspect it should not iMgbct 
theotber two; 
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Truth, 

Beauty, 

Goodness 1 



p (Mathematics, Science, Philosophy) 

Troth, 

Love, 

Service J 

Truth, 

Beauty 

Goodness 



1* ( Aesthetics, Art, Literature ) 

Truth, 

Love, 

Service J 

Truth, 

Beauty 

Goodness') 



h (Civics, Ethics, Humanitananism) 

Truth, 

Love, 

Service j 


Then IS DO religion higher than Troth. 

There is no power greater than Love. 

There is no dnty nobler than Service. 

We thus see that truth sabaSes the daims of the intellact, beauty 
satisfies the claims of emotions and goodness satisfies the clauns of what 
IB the highest and the noblest in man (viz.. Spirit) which finds expres- 
sion m the vitU to be true, loving and serviceable. These three should 
constitute the ReUgioa of Humanity. It is this religion which the 
University and the State should mculcate in its alumni and its peoplo— 
a religion of Truth, Beauty and Qoodneaa,— a religion of Truth. Love 
and Service It should, therefore, be the main function of the Univer- 
sity to see that it provides such Polities to its students and it should be 
the duty of the Government and the leaders of the peojde to see that 
they bring about such an order of society that human nature may be 
aUe to find its fullest and most complete expression throucdi the 
cultivation not only of " truth ” but also ^ " beauty " and " goodness,” 
of love and service. 

In light of what we have said above if we ezanuno what is bemg 
done by our Umversity to sabsfy the three great prunary ends m hntnan 
nature we cannot help feeling intense disappomtment In our Univer- 
sity only one aspect is emphasised vrs., that which satisfies the claims of 
the intellect and that, too, not snfficiently strongly and except for tbe 
study of literature the two other aspects are ignored altogether. It le 
vary necessary that steps should be taken to rnttoduce, one after 
another, courses d study which would make up for the existiiig dafici- 
snciea and help to create a new generatioo of men and women with an 
altered mental outlook who wonld be trus to themselves and looitig and 
to others. 


D.D.K. 
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We take this opportonity ci (rffonog our congratalatiODa to Sir 
Chftfvifnjiwlchftr ft. VttikatE Ranuui Kt* on hia being the brst Indian Direc- 
tor of the Indian Institute of Soenoef Bangalore. A Fellow of the 
Royal Society^ Eoglondf a Nobel Laureate in Physics and a great 
scientist of international reputation. Sir C. V Raman will prove to be 
a capable Director and beii^ a researcher of first rank himself will in- 
fuse bis spirit of research into one and all working there. Havu^ set 
a noble example of sacrihoe at an early age by giving up a Incrative 
post in the Finance Department where he would have risen to the high- 
est grade he devoted himself to research and became a true votary 
of Sarasvati. A man of such high attainments and noble character 
IS bound to inspire ail the workers at the Institute, both teachers 
and students alike, and we have every hope that under his leader- 
ship the Indian Institute of Science will fulfil the destiny which its prin- 
cely donor, the late Mr. Jamshedji Nassarwapji Tata, had contemplated 
for it 

* • + 

Living as we do in the twentieth century— a century m which saence 
has made such rapid progress in diiTerent directions — it becomes increas- 
ingly clear that the nation which is the first to take advantage of the app- 
lications of science, be it in matters of food and nutrition, or industry 
and commerce, or agricultare and medicine, or sanitation and hygiene 
will remain in the vanguard of civilization and its people will become 
the leaders of the race Knowing this as we do we note with regret 
that Ahmedadad which boasts of bemg the Manchester of India has not 
got a sii^le Central Laboratory where taw materials could be analysed 
and where researches on a number of problems connected with the tex- 
tile industry could be carried out There are more than 80 textile mills 
in Ahmedabad which buy thousands of tons of raw materials every year 
for their different departments which in money value come to about two 
crores of rupees. The address* given Dr. T. S. Wheeler on the 
ai^ihcattons of Science in the Textile Industry shows in how many dif- 
ferent directions science would be helpful in the mill industry. 

Contrast with this sad spectacle the picture presented by Messrs, 
Lyons & Ca of Eu^and who are mm caterers but who were enh^dit- 
ened enough to recognise and appreciate the value of science m their 
own business. They began with one small laboratory and one chemist 
in 1919; withm six months they found that one chonist was not enoo^ 
and they added another ; m 1927 they had 77 well-trained, handsomely 
paid cfaemlata working e ither in the analytical or reaeardi section of a 

*11ieaddieM on'* The ApiilcatkmB of Sdence in the Textile Industry** was 
dvenlwDr.T. S. WheeftBr,Prttidpsl,RoyallnadtateofSdeooe,Boiid>ayon 3rd 
Deoem&erl932 on the oocaskm of the TUfteenth Annual Sodal Gathering of die 
GtdMet College Sdendflc Amoc M on, Ahm ed ab ad Acopy of dda addrea wfll 
bi6btalnedl!teBofcliaiBaflfomI¥of.RaKaegs,Gt^^ Ahmedabad. 
rr 



362 


JOURNAL OF THE umVBRSlTT Of &OICSAY 


big laboratory. This is on excollent illnstration of the fact that the 
applications of science and the employment of scientists in on indnstry 
are capable of increasing the dividends in that indnstry and bnngiDg 
prosperity to it. When will our indostnahsts realise this ? 

4 « e 

A person cannot live without air for more than three minntes, 
without water for more than three days and without food for more than 
three months. This shows the relative importance of aiTi water and 
food. With regard to air and food attention is mvited to the two arti- 
cles in the present number, one on * Smoke and its prevention ' and the 
other on * Dietetics Food and Race ' 

It IS not an unnsnal sight to observe in a big industrial city like 
Ahmedabad every evening in cold weather more than a hundred tall 
chimneys belching forth smoke and polluting the atmospliere. The more 
polluted the atmosphere of the place by smoke and dust, the greater the 
niimber of people suffering and dying from respiratory diseases. Smoke 
nuisance is due to (l) factory smoke, (2) domestic smoke, (3) dost, and 
(4) calm still atmosphere in winter. The total quantity of coal consum- 
ed in factories and mills in a aty like Ahmedabad is about 1500 tons 
per day. The smoke m the atmosphere indicates so much coal wasted 
and so much energy lost. What w the remedy ? The article on *Smoke 
and its Prevention' shows the lines on which the industrialists using 
large quantities of coal should proceed if they wish to tackle this pro- 
blem , the adoption of the measures given therein would, not only, help 
the industrialists to effect a great deal of saving on their fuel bills, bat 
also help to improve the sanitation of the city by keeping the atmos- 
phere pure and unpolluted as far as possible. 

One of the measures to reduce the nuisance due to domestic smoke, 
particularly in the area inhabited the labouring population which 
number more than a third of the whole population in a city Lke Ahmeda- 
bad, is suggested in the article ' Dietetics Food and Race ’. The 
author discusses in this article the intimate relationship between 
health, physical efficiency, and output of work of the working population 
on the one hand and the food they eat on the other. It necessarily 
follows therefrom that if the industrialists wish to have an increased 
output of work they will have to pay more and more attention 
to the food of theu: workers. Again, the preparation of a well- 
balanced diet presupposes a fair knowledge of the foodstufifs, which 
one cannot expect our labourers to possess, it would, thereforib 
be to the advantage of the industrialists if th^ provided properly 
constituted meals to their workers in big halls specially provided 
for the purpose as is being done m Japan. The meals would be prepared 
m about adozen big kitchens each catenng for its own class of people 
and usmg only smokslsas fuel ( soft coke ). This is purely a bnulDM 
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proportion and we cannot too strongly impress npon indnstnalists 
of big aties like Calcutta, Bombay, Ahmedabad, Nagpnr, Cawnpore etc, 
of onr omntry the need of paying their serious consideration to this 
important question. The example of Japan is before them. One of the 
reasons of the greater efficiency, and consequently the greater output 
of work by then workers, is the meticulous care the Japanese take m 
providing them with properly constituted meals under the supervision 
of doctors. If our mdustriahsts properly tackle this problem they will 
not only benefit themselves by having an increased output of work but 
will also have the satisbction of improving the samtation of the city and 
the health of the people by diminishing the nuisance due to household 
smoke. 

* w « 

Millions of people m India hve on a purely vegetarian diet The 
researches earned out on nntntion have shown what a great influence a 
well-balanced diet has on the health, physical efficiency, powers of endu- 
rance, freedom from diseases, output of work etc, of those taking such a 
diet They have again shown that it is necessary to have a oertam pro- 
portion of animal protein and animal fat m the food of every person. 
Miuor-General Sir Robert McCamson has calculated that to be 33% 
animal protem and 50% animal fat. The only food materials from which 
the vegetarians could expect to get these nutntious constituents are milk 
and milk products like curd and butter It is therefore of the utmost 
importance that these should be available m a pure and unadolteiated 
form. 

The large number of raids and prosecutions that we had of late m 
Bonboy in connection with batter and the large number of facts whidi 
have oome to light in that connection show that the adulteration of food- 
stuflb, particularly of ghee and batter and also of milk is goug on at a 
rate and on a scale which are sunply scandalous The existing law is 
not strong enough to act as a deterrent on the miscreants. It is there- 
kn absolutely necessary that a new act should be passed which would 
permit of the imposition of not only a very heavy fine on those found 
manafacturmg and (or) selUng adulterated food-stufTs whidi are vital for 
the health of the people but also rigorous unprisonment 

The laws of a country reflect the progress and civilization of its 
people. If Mother- India wishes to have a nation of healthy, stroi^ and 
wile sons and daughters, then she must see that her chddren get pure 
air to breathe, pure water to drmk, pure and wholesome food to eat 
clean and healthy surroundings to live in. She should, therefore, see that 
die has got adequate laws to punish those who pollute the atmosphere^ 
contamioate the water and adulterate the food 


D.P.K, 
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INDIAN SCIENCE CONGRESS 

In February last, representatives of various scientific and educa- 
tional institutions in Poona met together and decided to invite the Indian 
Science Congress to hold its 21st Annual Session in Poona in January 
1934, under the auspices of the University of Bombay. The university 
also agreed to this proposal and sanctioned a grant of Rs 2000 
towards the funds of the Local Executive Comnuttee, who took up 
arrai^ements in connection with the Session The Vice-Chancellor, 
Mr V N. Chondavarkar was elected Chairman of the Local Executive 
Committee and the Director of Public Instruction Mr. R. H Beckett 
the Vice-Chairman, and representatives of the local scientific, educational 
and avic institutions were the members. They were assisted by two 
Honorary Secretaries Mr V. V. Sohoni of MetecEological OfiBce, 
Poona, and Dr D D Karve of Fergusson College 

After carrying on prehmmary work of organising the meetmg and 
collecting quite a considerable amount of money, the continued preval 
once of plague m an epidemic form made it necessary to change the 
venue of the Congress to Bombay Major Bhatia, the Dean of the Grant 
Medical College and Prof P R. Awati of the Royal Institute of 
Science were appointed as additional local secretaries and they took up 
the work of organising the meeting with the co-operation of the old 
local secretanes as well as of the Staff of the Royal Institute of Sa- 
ence. The session was a great success from every pomt of view and 
the attendance of members from other provinces was entirely satis^- 
tory. A handbook of information of Bombay and Poona containing 
contributions from a number of authorities on different aspects of edu- 
cational and scientific activities was published to commemorate the 
occasion and will prove a valuable book of reference The address of 
the President of the Congress, Prof Megh Nad Saha, of the sectional 
presidents, the popular evening lectures and the social entertainments 
were all greatly appreciated by the delegates and the conference has been 
of groat value in promoting scientific interest m our presidency. 

D. D. K. 

* * • « 

THE EIGHTH CONFERENCE OF THE INDIAN 
MATHEMATICAL SOCIETY, JUBILEE SESSION 

At the invitation of the University of Bombay, the Indian Mathe- 
matical Society held its eighth Conference in Bombay from the 2l6t to 
the 24th December 1932 It was presided over by Rao Bahadur P. Vt 
Seshu Aiyar I £ S. (Retired) and a member of distinguished matbe- 
maticians mcloding Dr. Me^ Nad Saha, Mr. V. Ramaswamy Iyer, the 
founder of the Society, Mr. M, T, Narameng^ari Principal A. V. K* 



The Indian Mathematical society. 

EIOHTH CONFERKNCE. silver JURILEE session, BOMSAYt 
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Mono^ Pnrf. Arnnacbala Siastrl and otiian attended the SesBion. Dt. 
Me^ Nad Saha F.R^ gave a pablic address on "The Present Crisis in 
the Science of Dynamics". The session ms also the occasion for the 
celebration of the Silver Jubilee of the Society. 

H. E. Sir Fredendc Sykes, the Governor of Bombay and the 
Chancellor of the University was the Patron of the Conference and 
gave an inspinng Inangural Address on the morning of the 21st 
December. Mr. V. N. Cbandavarkar, our present Vice-Chancellor 
then Mayor of Bombay, took a keen interest m the Conference as the 
Vice-Patron and he and Mrs. Clmndavarkar were "At Home" to the 
conference on the evening of the 23rd December. Pnnapal John Mc- 
Kenzie, then Vice-chancellor, was the chairman of the Reception Com- 
mittee and presided at the pubhc address by Rao Bohadnr P. V. Seshu 
Aiyar on "The Nature of Mathematics and Religion” on the 24th 
December, that being also the occasion for the celebration of the Silver 
Jubilee of the Society. 

Prmapal N M Shah, Principal G S. Mahajani and Prof. K. R. 
Gunjikar were the delegates from the University of Bombay to the 
Conference. Prof G. R Paranjpe, Mr. D C. Pavate and Prof. K. R. 
Gunjikar were appointed by the Board of Studies in Mathematics to be 
in charge of the local arrangements, Prof. Gunjikar bemg the Honorary 
Local Secretary. 

An interesting programme was earned out which besides the reading 
and discussion cd papers included three pubhc addresses (in addition to 
those by Dr. Saha and Rao Bahadur Seshu Aiyar, one by Dr. R 
Vaidyanath Swamy on the "Nature of the Continuum”), two "At 
Homes", (one with Mr. and Mrs. Cbandavarkar and the other with 
the Recaption Committee), Jubilee Celebration and presentation of an 
address to Mr. M. T. Naianiengar (a visit to the Oriental Life Assur- 
ance Company’s offices) and a trip to Elephanta. The public functions 
were arranged at the Sir C. J. Pubhc Hall, while the rest of the pro- 
gramme took place at the Royal Institute of Saence at the kind invitation 
of the Prmapal Dr. T. S. Wheeler. As a special feature of this Confer- 
ence, were the two Discussions on the tearhing of Mathematics m 
l y-hnnla and m the University which were well-attended and greatly 
{^predated. 

The Conference ended with a trip to Elephanta on the 24th 
December. The expenses were met from the generous grant of Rs. 
1000/- made by the Umversity of Bombay, for which are due 

from all interested in the progress of Mathematics in this Presidency. 
It IS to be hoped that the enthusiasm created by the visit of the Society 
to Bonbay will be kept alive by the foundation of a School of Matfae- 
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matics under the ouspioee of the Univec8it]r> The pabUc of Bombiy 
led by the Mayor also showed a keen apprecation of the work of the 
Conference by oontnbating handsomely to the reception of the Dde> 
gates and attending the paUk functions in large numbers. The Confer* 
enoe passed sincere votes of thanks to them aU. 

KR.G. 







Obituary 

The Late Rev P Sacasa, S J 

On July 1, last — shortly after the re opening of the College, one of 
the Bombay Colleges, St Xavier’s College, lost its Principal, the late 
Rev F Sacasa S J , who diet! at the early igt of 44 

Fr. Sacasa had been Principal of the College for a little more 
than a year only, but he had already won the esteem of staff and 
students alike by his gem'll manner, bis constant cheerfulness and his 
sympathetic treatment of all aliki A large educational institution 
offers new and often intricate problems d.iy by diy, and the man who is 
called upon to solve these, has a diflicult task set lir fore liini It Sacasa 
entcicd upon his work with a spirit of great optiimsin and iftrr winning 
the sympathies of all those with whom and for whom he had to work, 
his task became a fairly easy one, evni though at timts the large 
amount of routine work, taveal his jibysical stiength to its utmost He 
was perhaps too anxious to do well, and the heavy work at the begin- 
ning of the new aiiidemir year told on his health 

To make matters worse, Fr Saeasa had for some tune lieen suffer 
mg from slight rhronic apl>endK itis, wlueh now Ixianu aiuteand an 
oper ition lx eamc necessary In spile of his ow n, the 1 'ortors' and his 
friends’ confident hopes, the imtient w is not iblc to stand the sliain of 
the operation and he died a few days later 

The funeral which wns largely attended by students as well as by 
many of his colleagues, of other Colleges, showed how popular the 
deceased was The University was rcpiesented at the ftineril, by the 
Vice Chancellor hmiself and the Registrar Ihe death of one of its 
most able professors IS a great loss to St Xavitr’s College All the 
Bombay Colleges held condolence meetings, or closed for one day in 
token of respect for the memory of the deceased 

Fr Sacasa was born at Barctlona, Spam, on June 7, 1889 After 
his early education m his own native town, bo joined the Jesuit Order 
at the age of 16, and went through the oulinary (ourse of a Jesuits 
education — in his case no less than 13 full >e.irs of classical, philoso- 
phical and theological studies, to which were added siiecul studies of 
science and especially ihemistr), wIikIi he was ulluiutely to m<ikc his 
special branch He spent a number of these years in America, mostly 
at the University of bt Louis, Missouri After completing Ins studies 
of i^ilosophyi be was sent to teach diemistry for a number of years, at 
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the Ateneo, the Jesuit School of Manila, in the Philippine after 

which he returned to the United States, where he specialized in chemist* 
ry before he came out to Bombay to take up the post of Ptofesaor of 
Chemistry at St Xavier’s College. This he held from 1924 till the end 
of his life, adding to it the work of Prmapal during the last year. 

Fr. Sacasa was a man of rare talents, of quick perception, and 
capable of getting through a large anoount of work m a diort tune. His 
scholastic career had been brilliant, and as a teacher he was able to 
bold the attention of his hearers and to make the teaching of a vary dry 
subject, both laad and interesting He was, of coarse, frequently an 
Examiner m Chemistry, and at the tune of his death he was a member 
of the Senate, of the Academic Council and of the Syndicate of the 
Bombay University. 

G.P. 



Reviews 


Contribution i I'nnalyse des substnaces toxiqiies at das stnpdfi- 
ants. Snr la dfonvarte da la non-sptafidtd das r6actions diimiqaes 
employdes poor d6caler la prteanoe du cfaanvta indian ou hadiich at 
d6rlv6s. Par Hann Ttolli, Ii]g6niaor>dumi6ta d^6m£ da rdoola 
iTinganieura da Lausanne, axpart francais prta la tnbnnal mixta dn 
Calia. La Cairo — Impnmeno Panl Barbay. 1933. 

Thu short pamphlet of 21 pages contains two parts * — 

1. In the first part the author dascnbea chemical axpenmanta 
ndilch prove that (i) Beam's reaction may fail to detect the presence 
of cannabinol m an extract which contains it , (ii) thu same reaction 
obtains with other drugs than Indian Hemp and u not, thereforeb 
specific ; (m) there u no specific reaction for cannabmoL 

2. The second part u a repnnt of Dr Giuseppe Rende's contn- 
babon to Qffiana No. 6, November'December 1931, in whidi he 
proves by chunical and physiological experiments fiiat Beam's nnctioo 
u not specific for Indian Hmnp. 

J.F.C 


TftroMgh WonMmdM Of Tk« Umvem. By R. K. Goukbrb. 
Pp. XVlIl-l-400 with Frontupieoe. Tuapmevab Sons and Co« 
Hornby Road, Bombay. Price Re. 6>4m. 

This bode deals with a variety of subjects of geolog ic al , physical, 
astronomical and astrophysical nature and in the words of the anthor 
" it u not a learned treatise, but a simple elementary study, a modest 
attempt to awaken a taste for Saenoe among tboee who ordboarlly take 
little mterest in it ”, 

The first chapter contains information about the nature of die 
eardi and a collection of some mtensting finds m its mtenor observed 
in different parts of the world. The cll^lter ends with ternaries on 
aopie theories about the physical state of the eardi's interior, enif 
nature of earthquakes and their probable depth. In the next chapter 
is given some mtoresting infomtehon about the ocean, with a brief 
aeoount of marine xodogy. The third dmplar oootaine Informalioo 
about some well>known low«lying landsb nv»inh»>n«, ^>rilM 
waterfilla^ heights of soma doode^ stfuctnras built in various parts of 
m 
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the world, the highest heij^ readied fay faallooiisb fauds, men etc. 
It also incidentally describes the nature of work done at vanoos offioeS 
of the India Meteorokigical Department Hm next two ch^ltera give 
information about volcanoes and detailed accounts of some well known 
volcanic eruptions and the giant peaks of Asia. 

Chapters VI, VII, VIII and IX deal with the troposphereb die 
tropqiause, the stratosphere and stiU higher regions of the earth's 
atmosphere. These chapters contam infomiation about phenomena 
observed at various heights in different parts of the world. A diort 
account of researches of various investigatora, of some natural pheno- 
mena and of the composition of the atmosphere is also given in these 
chapters. About these chapters it should be stated that the author 
could have given a more connected account of the various causee 
which are responsible for the weather experienced over difierent parts 
of die world and thus create an mterest about a subject whidi concerns 
everybody from the point of view of the prosperity of the country— 
especially of a country like India whose major part of the population 
hves (m Agriculture 

In chapters X to XVII the author has treated the subject of solar 
system, the galactic system and of the physical condition of stars and 
the nebulae. Probably the subject beiug too wide the author could not 
give much attention to various details about celestial bodies wbcfa one 
would have liked so much 

The author describes some giant telescopes of the earth m charter 
XVlIl. The next three chapters are short and deal with "Outer 
Space”, “ the Roof of the Universe” and the views of Sir Arthur 
Eddington on " Space and the Universe Chapter XXII gives some 
idea about the wei^t of the Universe. 

The last two chapters give a brief account of Astronomy in Asm 
up to the 18th Century and Hindu Cosmogony and Cosmography. 

In this book the author has dealt with a variety of subjects and as 
such it 18 but quite natural that too much detail about various tfainge 
could not be given. The author has been very careful m his selection 
of things to be presented to the reader m order to make the book 
popular, and as to as possible, has taken note of some of die latest 
relevant mvestigatioiis. The book is sore to awaken a taste for Sdenoe 
amongst laymen— this has been the aim cf the author m wntug this 
book— and the author should be congratulated on it. 


B. N. D. 
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The Phyeieal Natttre q/ the Univene^By J. W. N. SoUiVAH. 

'^ctw GoUancz Ltd. pp. 143. pnoo It. 6d 

It u no easy tadc to descnbe within the oompaes cf a htde mora 
than one hundred pages the modem revolution in physical thonfditf 
bat the author of this book (Ontlme senes) has done it m an admitable 
maimer. He begbs with Galileo who la considered to be the first man 
to make the idea of motion precise and amenable to exact mathematical 
treatment Then he gives a brief account of the dynamical theory of 
beat and the kinetic theory of matter In a diort chapter that follows 
he clearly descnbes the various viasBitudes through which the atom has 
passed, shows how the hard and unbreakable atom of old had to make 
romn for the Rntherfoid-Bohr atom having an exoeedmgly oomplex 
structure and how even this recent model has been finally abandoned so 
that at present the atom has passed oat of all reoogmtion and remains 
merely a mathematical symbol. Then he takes np the question of the 
ether and shows how the conflict between the results of expenments de- 
signed to mvestigate its properties brought us to the restricted tiieoiy 
(rf Relativity and descnbes some of the important results of this theory. 
Next he turns to the problem of gravitatioo and shows how Emstem's 
General theory of Retobvity which attnbates gravitation to the carva- 
ture of space is more logical and satiafymg than the old Newtonian con- 
oeptioa Lastly be shows how all the known laws of idiysics are 
macroscopic and therefore statistical and how Heisenberg’s Principle of 
Indeterminacy makes exact measurement of the properties of mdividaal 
atoms impossiUe and thus strikes at the root of the doctrme of scientific 
Determinism. Broadly speaking modern physics tends to think of the 
omverse as much more subjective than the old and the methods of 
scienoe cannot tell us anythug about the ultimate stuff of which the 
world is made, at the most they give us some idea of its structure. 

The book is written m a simple and nontechnical langnage and can 
easily be followed by those who have a desire to get a glimpse of the 
trend of modern physical thought but have neither the leisure nor the 
equiimient to read the more ponderoos treatises on the subject 

S.N.D. 


Pntottoal Cksmtsfry.— By N. M. Shah, M. Sc., Second EdhiOo 
(Dharwar . The Students’ Own Book Depot, 1933). 

In tins handbook the author has made a suocessfal attempt to mast 
with the reqairements of the syllabus of the Intermediate Saaaceooorea 
H) Fncti^ Chemistiy cS the University of Bombay, 
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Part I daili wUb tiM methodi of pmiMiUoa and fwlBciittoi 4 a 
study of the proper ti e s of simple and compoond a nhat a nca s b datennina- 
bon of einivaleot and molwcnlar umgiita and enrciaes b gravimetric 
and volometnc analysis commonly recommended m elamentaiy 
practice* 

Port II gives an account erf the customary dry and wet leacriooa 
of poBibve and negabve radicals and of the syetemabc procedu r e to be 
followed in the quahtabve analysis of a sin^ substanoei 

Special attention has been paid to emphasise the fbndamental 
prinaples of theoretical chemistry and to show how a neat entry of the 
experimental results and calculations obtained there fr om can be made 
m the journaL 

The bode is expected to be of great use to students as well as in* 
st r nctors of the Intermediate Scienos Chemistry Classes. 

M.S.S. 


Th4 Pourkr Intigral and Certain it» AttHoathm. ^y Dr. N. 

WlBNBR, 1933. (Cambridge Unlversl^ Press) 

The subject of Founer series has been fairly axhanatively treated in 
a nvnber of standard treatises on Theory of Ftmebone and in qiadal 
bodes on the sobiect Tbs same hat not been the caee with the Fonnar 
integral and one is compelled to refer to vanons journala for reanlta 
which would have otherwise foond a natural place m a modern worir 
on the subject Dr. Wiener’s book is m no sense a systematic treabee 
on the subject nor was it written from that pomt of view. It le an 
elaboration of a course of lectures dehvered at f.nmKp/ig« ggj iMwyy 
m a sense, as the anthor hunself sayt in the prefisce^ the treatment 
IS fragmentary. We welcome the book, however, as it malraa avail* 
able m a book form most important recent researches on the subject 
from the pen of an author who has himiMif contributed to much to 
the development of the subject 

For generahty of results Lebesgue’s theory of inte gration is indis* 
pensable, and m tto mtrodoctory chapter the anthor gives a rdanmd of 
that theory as well as a short ducossionof develoiiinents In orbogoial 
fnnebons. 

The modern theory of Founer integral atarta with PJaadMnPt 
theorem, that if 

/(*) ■ dW* '■‘/y(*)e*~*** dg^ 
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(£)• Qwptir I daab wMi Hmita'a po^jniaiiiU and HarmHers ftmo* 
tiaM and tha above thaotam ia astabhdiad with thalr h^ Cha{»ier 
n deala witb tha Geaand Tanbenan Theorem. It is not appaient how 
a Thobanaa tbeoanii whicb w ata t a me at of oondittona under winch we 
can pass from one limit relabmi to another, oonld have any connection 
widi Foonec mtegxala. Dr. Wiener estabbdiea a very ganecal theoiem 
by means of Fotmar integrals and deduces a great variety of Tanbenan 
tteocama in chapter III. Two unportant applicationa, treated m this 
chapter, axe to the Prime Number theorem and the theorem on the 
' mean>square ' modulus of a function. 

The hst chapter is on gwieraliaed harmonic analysis and almost 
periodic fnnctiona. The latter subject baa been treated at length in the 
work of Besioovitch published last year. Bohr’s fundamental theorem 
that an almost periodic function can be represented by a genemhaad 
Fourier senes is proved here by a comparatively simple method. 

The work is an unportant and wdoome addition to mathematical 
liteoatnie and we may express a hope that the author may find time to 
give US an exhaustive and systematic treatise on the subject in die near 
future. 

N.M.S. 


Ham Spmifa and laotepm. F, W. Astom, Sc. D., P. 1. C, F. R. 

Atiadd and Ca, 1933. 

Thia vdume deals with a subject which the author has made pecu* 
lisriy his own. It incorporates the snbstanoe of lectures deliver^ at 
the Unlvenity College of Wales, Aberystwyth, on the Aberystwyth 
Lecture Foundation during tha Saaaion 193M932. Part I is hiatotkal. 
Part II is mainly axpethnental and deab with tha Production and Ana* 
lysis of MaaS'Spectra, Part III gives an account of eadi individual 
alenent rdatlvo to its isoti^ oonstitntiOD developing the new aaanoa 
of "nodsar’* diemlatty. The rapid ptogtees in dw artificial tcanamiita* 
tloo of demanta is boiud to rente incraaamidy vahaUe this coUectkm 
of data. Fart IV ia theoretkal and diacnaeea dw hnplieationa of the 
Malta wU^ have bean obtained by die use of tba mass-spactagraph. 

It was in 1912 diat die replication of the method of poeitive ray 
gnalyala to neon bdicatad tha e x iatenca of iaotopy among tba iioo*radiO* 
acdve elemanta. Widi tha completion of die mass-qieetogneli in 1919 
dw tion*honiogenaity of neon was co ofirn ie J and a few weeka later the 
laotopteoonplazity of ddorineindinetcaiy vnwdaoonatrated^ and tts 
irbolg sapibar rtda formatated. ftcgreat^cadwa baa bean contiaaodi 
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nntil in 1932 the hydrogen isotc^ of mnis 2 mw diaoovand, aad at 
present, oat of all the elements known to exist in teaaonaWe qoantitiso^ 
only eighteen remain without analysis. Of these eleven an ran earth 
elements. 

The discovery of the heavy isotope of hydrogen is of particnlar in- 
terest It has recently been found that heavy water from the heavier 
isotopes of hydrogen and oxygen can be concentrated I 9 dectrolyBia, 
and in the Journal of the American Chemical Society for October, 1933, 
some of the properties of this water have been hsted. Its density is over 
I'l and its viscosity some 40% greater than that of ordinary water. 
Heavy water appears to bp toxic to fresh water organisms. 

This fascinating book on a new and fundamental branch of Che- 
mistry by one who is responsible for practically all the developiiienta of 
the subject discussed is oertam to become a classic. It is wntten in a 
clear and sunple style and can be recommended alike to the student 
the general chemist and the isotope specialiat. 

T.S.W. 


IntroduchoH to Thermodynamtos for Chemitts. D. JOHNSTON 

Martin, B. Sc., Ph. D., Arnold and Co., 1933. 

This book is a complete introduction to modem thermodynamics 
for chemical students. Besides dealing with the fundamentals of the 
sutqect, it mcludes chapters on Lewis’ " Activity ” method of treatment 
of solutions on the modern theory of strong electrolytes, and on the 
Third Law of Thermodynamics. The treatment is up-to-date and re- 
ferences to the original literature are given. In some mstances state- 
ments made m the literature have been accepted m an uncntical manimr 
but a book oovenng so wide a field must naturally be more of a compi- 
lation rather than a critical monograph. 

Thermodynamics is probably the noost difficult subject a 
student has to study ; m no subject is he more dependent on the skill of 
his teacher m imparting accurate and fundamental knowledge. The 
student must always be clear as to the quantities under rtmir 

signs, and the conditions under which the alterations m these quaatitieif 
occur. The mterests of the average physical chemist ate not, however, 
b the more mathematical portions of his subject, with the result that too 
often, the subject is badly taught due to vagueness on the part of tiis 
teacher as to what he is really teaching. In desperation the student 
crams for his examination and disgorges hnnpe of mentally 
mattei on the examiner m answer to hook-work (^uestiops leaving 
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ntunerical emitiplea and the development of book-work eeverely alone. 
Once the ezaminafaon is passed, thennodynanucs is forgotten. 

Tbia book, therefore, will be tuefol to the teadier rattier ttian the 
student For the beginner its ntihty could be improved by the intro- 
duction of general questions and numerical examples at the end of each 
ch^iter, and by the provision of a table of aymbols at the begmning. It 
would be of advantage also if some of the mdustrial applicatioiis of 
Thermodynamics had been considered. 

T.S, W. 
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I, 2, and 3. * 

Journal of the Indian Chemical Society, Vd X, Na 3, Mardi 
1933. 
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SOME NEW OXFORD BOOKS 

THE MAKING OP CSOGRAPHY Br R E Dickinson sod 0 J R. Howabtb. 
1933. Large crown 8vo, pp 272, 37 Uluatradona. 8t. 6dL 

This la a hiatory of the growth of man's knowladge about the earth«*a hlir 
tory, that la, of the progress of geographical science from the first sonnlsaa 
of Sameriana, Egyptians, and Homeric Gredu to the moot modern devdop- 
menta of pbyal^ and human geography The journeys of the great 
explorers aid traveSera of all ages are mentioned In relathm to the 
advances In geographical theory to which they led , but the book Is not so 
much a history of exfdontion as a record of the sdence that has been built 
up on the results of expioration during the past three thousand yeara. Of 
the two authors. Dr Howarth has written the earlier chaptm on the 
ancient and medieval development of geography, while Mr Dkklnaon has 
dealt with the period from the abcteenth century to the preaent day. 

The lUustrationa Include a number of diagrams to show the salient 
features of famous maps, and examples of early astronomical and aumy 
instnimenta. 

ELECTRIGTY By J Pillky 1933. (Clarendon Science Series) Crown 
8vo, pp. 362, 181 illoBtrations. 7j 

A new volume In the darendon Science Series, which la designad to 
provide a general Introduction to the principles of a subject and to tha 
acientific method and point of view, lather than a maw oi detailed text book 
information. Previona volumes in this Series indude Animal Ariogy, by J 


S Huxley and J BS. Haldane (1927,6s 6d.), Chemistry, ly H Barrett 
( 1927, 5 j ) , Heat and Energy, by D R. ^e ( 1923, Si. ) , and qf 
“ Is, by a F W KeeUfi ( 1^, 5s . 


Plants, by Sir F W Keeble ( 1926, 5s } 

THE THEORY OP ATOMIC COLLISIONS. BY N. F MOtt and H S. W. 
MASSEY 1933. [ International Series of Monographa on Physics. } Royal 
8vo,pp.300 17# 6d. 

In this book, the sixth volume in the lenet of International Mooographs 
on Physics, the autbori develop the quantum mechanical thecnry of coliialons 
between electrons, a-partides, nudel, and atomic ayatema generally Such 
cdllaions form a compact and extremely important Add of modem phyalcd 
theory and experiment It was by the classical theory of coUialoni that 
Rutherford was aUe to interpret his experiments on the scatteriog of 
a-partidea and to catabliah the existence of the nudeua and set up the 
model of the atom which haa since dominated phytice. Only for inverse- 
square law-colUalons are the clastlcal results unaltered by quantum mech- 
anica. fhe many important deviations from inverie-aqoare law-acntterlng 
observed since then for a-partldes and electroas can only now be interpre- 
ted, when the scattering problem can be completdy solved according to 
quantum mechanics for any law of force. The autiiors give for all aiich 
pbexKMnena the oomidete quantum mechanical theory and diow how maiqr 
important dedactkons can be drawn about the prop^ee and aUu ct ur a of 
the nudeus. They handle also the complicated dlflnctlon pbenomeiia 
found when slow dectrons are aeattered by atomi, Induding the Kamner 
effect They show that these phenomena, in spite of thdr compHcariont 
appear to fafi into their places aa natural cmiaeqaeaces of exiating theory. 

A GERMAN READER FOR BIOLOGY SIVDENTS PASSAGES FROM 
RECENT GERMAN SCIENTIFIC PUBLICATIONS. 

Sdactad and arranged by H. G Fibdlbr, M. A., Ph. D., and G R. diBbIp 
M. A.. D So. with a vocabulary by Hsxma E. Fudlbi* M. A. 1983. Demy 
SvDr PP< 100 u. 
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THE BIONOMICS, MORPHOLOGY, AND METAMOR- 
PHOSIS OF MELIPONA IRRIDIPENNIS 
Bu 

C ] GEORGE, M,A..FliJ>,DLC 
Professor of Btology, Wslson College, Bombay 

Observattons on a htve. 

In February 1924, 1 happened to find a hive of Meltpona trrtdt- 
pennts in a crevice on the wall of my house at Coimbatore. As no 
account of this bee was available from India, I proposed to make a study 
of it. As long as the hive was situated inside the wall, observation 
was impossible, and so I very much desired to have the bees trans- 
ferred to a better situation. As they build irregular combs, transferring 
them to an ordmary hive was out of the question It occurred to me to 
try whether the bees would take to a vessel of 12* diameter if it was 
fixed to the wall in such a way as to brmg the entrance of the hive 
inside the vessel. An earthen vessel was fixed on the wall and a small 
hole about i* in diameter was made on the lower side of the vessel 
to serve as an entrance. 

The bees were a little alarmed at this sodden alteration of the 
surroundings, but m the course of two or three days they made them- 
selves quite familiar with the additional space and were making use 
of the new entrance. But it took about eight weeks for them to be 
convinced of the reliability the new hive offered to them. By cutting 
off a piece 3* x 3* from the earthen vessel on one side and replacing 
It with black paper pasted on the outside, a crude but very osefol 
doorway for making observations was made. An electric torch U|dit 
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had to be used for dlumuating the hive, though it cansed a oartain 
atnouut of disturbance among the inhabitants. 

The first step in the conversion of the vessel into a hive was the 
construction of a tubular entrance with the sticky material made of 
wax and earth known as “ cerumen.” This was accomplished by the 
third day Three or four workers were mvariably posted at this 
entrance as sentries Nothing more was done till the next April. 
During the course of my usual examinations one day 1 noticed that a 
certam amount of wax was fixed up in the small crevices left between 
the pot and the wall Tins work was done with such speed that 
during the course of three days the bees bad begun to build the founda- 
tion of pollen combs During the course of the succeeding week 
about two dozen pollen cells were constructed, a good number ai 
which were also filled Obviously the favourable Summer season had 
much to do with this enormous output of work 1 he next step was 
the construction of honey cells which were erected on the roof, 
separate from the pollen cells The appearance of the honey cells 
was so deceptive, as not to attract my attention until then: number 
grew up to about half a dozen Soon after, the foundation of the 
brood cells was also made out m the right half of the vessel. In the 
course of a few days a huge cluster of beantiful cells was constructed 
and in some of them eggs were laid. I could not observe the queen 
at work as she would disappear from the surface of the brood celle as 
soon as I would open the hive. By the end of Apnl a well estaUished 
colony was mbabitmg the new hive. New pollen, brood and honey 
cells were added one after another and the first set of workers hstdied 
out by the last week of May New individuals were added to the 
colony every day and by July the colony was enormously strong and 
the whole hive was filled up with brood, honey and pollen cells. 
Every tune the paper door was dosed after an inspection the workers 
glued it with wax 

Towards the close of July the monsoon broke and it took an 
enormous toll of the colony. As the number of workers was rednoed 
the food supply was not replenished at the same rate it was ussd up. 
After some tune therefore there was a Inll m the productioo of new 
brood cells But mention should be made of the few workers hatching 
out every day. Amongst the existing brood cells of that time, there 
were a few larger than the ordmary ones and one of them mas parti- 
cularly large. 

On the 17th of August, one of these big odls opened and tbe 
others followed the next day. It was not posutde to recognize the 
newly hatched mdivuhials from the larger cells amongst tbs huge 
numtor of workers. On the 21st, while examining a few bees lying 
dead on tbe door, 1 fonnd to my eurpriae that then were two dr o n ae 
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amoDgst them* ProbaUy the wofkers had killed and thrown oat 
newly hatched drones from the larger cells* The largest cell of the 
lot was possibly a queen cell and the qoeen was also presumably 
killed* By the second week (rf September, as the monsoon stopped, 
a revival of activities began and the breeding went on as vigorously 
as ever. The honey and the pollen stores which were almost used up 
daring the bad season were soon replenished* Bat occasional spells of 
ram seriously hampered the continued progress of work in the colony. 

Then came the Winter months, December, January and February. 
Though Winter is not severe at Coimbatore, there was a, sloping 
down of the activities of the bees. The glcnnous Summer of 1925, 
with its beautiful blossoms everywhere, followed. The little artisans 
made the best use of the season and one could hear so well the hum 
of the hive A long stream of workers was going in to unload their 
burden of pollen and honey. On the 23tb of June I removed the 
the vessel from the wall and, without disturbing the brood cells, cut 
out the honey combs, leaving only a few. These combs yielded about 
four ounces of honey, a quantity double that of an ordinary hive from 
inside a decayed tree or a wall. The young workers greedily made 
a feast of the honey spilled while removii^ the combe. The wax of 
the combs was restored to the hive and the vessel was fixed in its 
original place. The hive was not disturbed for a week, and when I 
opened it next, I found that everything was in order. The honey 
which was Mi m the hive was either used up or devoured by the 
workers. The wax that was returned to the hive was converted into 
thin sheets and spread inside the hive. 

On August 18th 1926, 1 removed the whole hive as I was leaving 
Coimbatore and, on examination, found that the crevice inside the wall 
was still retained as part of the hive with brood, pollen and honey 
cells. Though almost two months had elapsed since my removal of 
the honey combs, not a single honey cell was constructed m place of 
those ^6mo^'ed, but among the pollen combs were found twelve honey 
cells. There was only one queen, which was hiding among the brood 
cells inside the crevice on the wall and there was a drone, only a few 
hours old. It is concluded from the above observations on the hive 
that the honey season is from March to June and that this season is 
also the season for prolific breeding. This farther supports my observa- 
tions in South and Western India on Apts tndtca that Summer is the 
only honey season. Supplies of honey from the hills also lead to the 
some conclusion. 

Bffhffial tnorphelogy of the adult* 

See the Fauna of British Indio, HymonUptr* VoL I., p* 563, for 
a deOuIod account of specific diaroctatB. Thie foUowing feotoree of 
external morphology may however be of interest, 
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The worker is a small dark creatore of Mmm. in length. The 
queen is similar to the worker in its morphology but larger b sue 
and paler in colour. The drone is but slightly larger than be worker 
and BO IS difficult to be distmgmshed from the latter. He differs from 
the qneen and the worker in having twelve segments to the flogellnm 
of the antenna, while the latter have only eleven. 

The head is round, the antenna u typically Hjrmenopteran with 
a scape and flagellum. The flagellum is provided with nomerons 
sub-circular or oval pits with hairs which are regarded as sensory m 
fonction. The maxillae and the labium are folded on themselves, the 
former at the junction of the cardo and the sbpes, and the latter at the 
base of the ligula. The folded organ fits mto a groove on the ventral 
side of the head when at rest The folding of the moxillaa and the 
labium afford full free play to the mandibles wbch lie above. The 
maxillae bear rudimentary 2 jobted palps. The lacinia are placed in 
close approximation to the basal portion of the stipes which is a 
well developed structnre. The labial palpi are five jomted. (Vide 
Fig. VI ). 

The hmd tibia is enlarged to function as the corbicnb or pollen 
basket The usual two kinds of hairs, simple and branched, occnr all 
over the body. The branched ones are of use m collecting pcdlen. 
The hind wings interlock with the fore wugs by means of five hgnigh- 
(Vide Figs. II & HI). 

A functional sting is absent, but the parts are present b ves||tigas, 
as shown by von Jbenng, and they are more pronounced m the queen 
than in the worker. The 7th abdominal segment is the last visible 
one and all the segments behind it are telescoped mto it The 7th 
sternum is bifid posteriorly and if it is turned over, the concaaled seg- 
ments are revealed On either side a pair of characteristic p^tw i 
bearing spiracles is seen inside the 7tb segment. These plates have 
been shown in the honey bee to be part of the 8th tergum by Zander. 
MesiaUy there is a pair of plates which corresponds to the '*oUoiv 
plates " of the honey bee bearing distinct palps. On the inner 
of these are present elongated structures representug the nhiprii of the 
honey bee stmg or the uner ovipositor lobes of other msects. The 
anterior ovipositor lobes or the lanceta of the honey bee stu^ are 
present os vestigial stmctures. (Vide Fig. VIII). 

In the male the 9th segment bears a medum aedeagns on nitiifr 
side of which is a well chitinized paramere. The gonocoute u present 
and shows a basal cardo and a distal stipes regions. Melipon differs 
from Apis in the fact that parameres are absent in the latt»r> (Vide 
Fig VII). 
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Lifi^-htstory and btwtomtcs. 

Swaxms are given off from the older hives usually in August or 
September in Coimbatore. This corresponds to what is obtainable 
in Apts tndtca* In other parts of India this may depend on the inci- 
dence of the monsoon. I have never notioed a new colony settling 
down, but 1 happened to observe one soon after it had occupied a 
small crevice m a wall. There were about a hundred workers, 
which were coming out and depositu^ small pieces of mortar at some 
short distance from the hive. 

The brood combs are constructed on pegs of wax fixed to the 
walli and by the addition of new pegs and new cells an elaborate maze 
of brood combs is established. (Vide Fig. I). The wax is of a dark 
brown colour and very soft to the touch. A brood cell is roughly 3i 
X 2 mm. Each cell is half filled with a mixture of honey and pollen, 
and when a thin film is formed on the surface of this viscid mass, an 
egg IS laid in a perpendicular position and the cell is closed. The egg 
and the larva do not sink m the liquid and thus keep in touch with the 
air enclosed in the cell. (Vide Fig. IV). Ihe egg is about 1 mm m 
length and h mm across. It takes four or five days to hatch out 
The newly hatched larva is 2 mm. long and is a delicate, almost trans- 
parent, creature. The full grown larva is 5 mm. long and is rather 
stout in appearance. The feeding larva is transparent yellowish 
brown m cobur due to the food in the alimentary canal, whib the 
pupating larva and the pupa are opaque white in colour. Before 
pupation it spins a white cocoon and the adult emerges by piercing 
this cocoon, which by that time has adhered to the waxy cell. It takes 
three to three and a half weeks from the egg to the adult stage. The 
brood cells show slight variation m size and the newly batched 
workers also^xhibit a corresponding variation in size. The queen cell 
is the largest and is therefore easily recognized The drone cell is 
slightly larger than that of the worker and is difficult to distinguish 
from the larger worker cells. In a hive apparently at a time never 
more than two queen cells are constructed, but there may be as many 
os ten drone cells 

The poUen and honey cells measure about 7 or 8 mm. m bngth 
and 3i to 4 mm. in thickness. They are constructed in rows fixed to 
the wall without any intervening pegs. (Vide Fig. I ). The pollen 
store varies from light bright yellow to dark brown m colour, the bees 
chiefly visiting plants with abundance of pollen, such as the Gramina- 
c eae . The honey is of pale yelbw colour but a tinge of pollen gives it 
a beautiful red cobur and it is almost unpossible to collect this honey 
without some admixture of pollen, as honey and pollen cells are con- 
Qtrupted together. The boney has a sweet Islightly sour taste. These 
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bees on exceedingly tame and freely enter the flower sbapii Tbqr 
also visit the sweetmeat shops to collect the sagaiy joioe praaent u 
some kind of sweetmeats. 

The entrance to the hive is a narrow cuctdar hole, the wall of 
which IS made of “ cerumen ” which projects about half an inch to the 
outside. (Vide Fig I). A few workers guard the entrance, their 
number varying according to the circumference of the entrance. The 
tubular entrance does not directly lead to the hive, but temunates in a 
round cavity from which there are two inlets, one to the brood combs 
and the other to the honey and pollen combs. This round about entry 
to the hive may serve two purposes, the prevention of direct light which 
these Insects abhor always and the sudden invasion fay any enemy. 
There is a network of paths under the brood cells to facilitate easy 
access to any part within the hive. This is very necessary as the 
brood cells from which adults have emerged are destroyed at once and 
new ones constructed Very soft wax is used for making the cells but 
harder wax is used to close any crevice or to strengthen any weak spot 
in the hive. Any wax found outside is assiduously collected and de- 
posited in some port of the hive, without it ever mterfermg in the 
normal workmg of the hive. 

1 have not observed any parasites or predators of these bees, but 
a species of Megachile sometimes visits the hive and snatches off some 
wax from the entrance. 

The larval anatomy. 

The matoie larva is rather stoat and lies bent on itself in tbe cdl. 
The external cuticle is very thin. The narrow head segment is follow- 
ed by 13 segments. 

The central nervotts eystem. — ^Tbe central nervous system con- 
sists of snpra-oesophageal ganglia or brain, situated in the posterior 
region of the head, and a double ventral nerve oord of 11 distinct 
gai^ha situated in the first eleven segments of the body. The last 
two segments have no ganglia but are innervated by nerves from the 
eleventh. In section a ganglion exhibits an internal medullary region 
and an external region of ganglion cells and the wh(^ is covered by a 
thm envelopug membrane, (Vide Fig. IX). 

The dtgfisitve system. — The buccal cavity opens mto a short 
pharynx which is connected to the midgut by a narrow oesophagus. 
The hindgut lies bent on itself below tbe midgot, its anterior end being 
in contact with the posterior end of tbe midgut There are four thick 
raolpigbion tubules which take tbeu: origin from the hindgut at its 
junction with the midgut 

The stlh glandSf— These is a pair of silk glanda sitaatad ventral 
to and on either eide of the alimentary entanding pnyifVjf i y m 
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the 8th abdommal segmant. The two glands anita in the region of the 
snboesophagul ganglia and paMing below these open on the lower lip. 
The dact of the gdends opens between two dorso-ventrolly flattened 
spiny processes which i^ipear like a pair of forceps in longitudinal 
sections. The gland shows a layer of large epithelial cells and a cen- 
tral canal running through the whole length. (Vide Fig. IX). 

The respiratory system . — There are ten pairs of spiracles, two 
thoracic on the meso- and meta-thorax, and eight abdominal on the 
first eight abdominal segments. The spiracular opening leads to an 
atrium which narrows at its proximal end and opens into a short 
trachea The short trachea takes a ventral transverse course and 
opens into a longitudinal mam trunk The two main trunks are 
connected antenorily and posteriorly by transverse trunks. At the 
junction of the spiracular tracheal branch and the mam trunk, smaller 
tracheal branches are given off. 

The vascular system , — The hemocoele is mostly occupied by the 
fat body. The fat body consists of round or hexagonal cells very 
closely packed together. Each cell has a central nucleus and a clear 
cytoplasm showing a number of vacuoles. Imbedded in the fat body 
are a few oenocytes which m sections appear in all sorts of shapes 
varying fimn triangular to circular. 

The gonads . — Lying dorsally in the worker is a pair of ovaries in 
the 5th abdommol segment. Anteriorly the enveloping layer of the 
Ovanes is continued as a narrow strand which extends opto the 4th 
abdominal segment. The male gonads have not been studied. 
Ueiamorphos$8. 

1. The tmagtnal buds , — In the mature larva there are in the 
bead imaginal buds representing the antennae, compound eyes, 
mandibles, maxillae and labium. In the thorax there are three pairs 
representing the legs, and two pairs foreshadowmg the wings. There 
are also thickenings of th# hypodermts m segments 8 and 9 represent- 
ing the gonapophyses in the worker larva. The hypodermis of 
segment 7 also shows a slight thickening on the ventral side. (Vide 
F«.IX) 

2. The nervous system . — It has already been stated that in the 
matnre larva there are 11 ganglia on the ventral nerve cord, 5 m the 
thoracic and 8 m the first eight abdommal segments. According to 
Nelson there are 11 ganglia in the abdomen in the embryo of the honey 
bee in the early stages and in the later stages the 9tb, 10th and 
11th nnite and come to he m the 9tb abdommal segment. Durmg the 
early larval life the terminal ganglion umtes with the preceding one 
and lies b segment 8. Thus the larval nervous system is derived. 
Hie nmnber of ganglia m the mature MsUpena larva agrees with that 
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of the honey bee and presumably therefore the last ganglion in the 
8th abdominal segment is a oompouiiK] one representing segments 
8, 9, 10, and 1 1 During the early stages of metamorphosiSf which is 
soon after defecation, the Ist abdominal ganglion moves forward and 
fuses with the metathoraac one. During a later stage when the limbs 
and the mouth parts are about to unfold from the imaginal buds, 
the 2nd abdominal ganghon is seen about to fuse with the one in front 
At this stage the penultunate abdominal ganglion, the 7th, fuses with 
the preceding one and comes to lie in segment 6. During the pupal 
stage, the compound ganglion of the metathorax and the mesothoracic 
ganglion fuse together. Thus in the adult there are 2 thoracic and 5 
abdominal ganglia. The fusion of the ganglia takes place by the 
gradual absorption of the intervening cord. The Ist thoracic ganglion 
IS situated in the prothorax and innervates that segment. The 2Dd 
thoracic ganglion is situated between the meso- and meta-thorax and 
innervates these two segments, and also the 1st and 2nd abdominal 
segments. The first free abdominal ganglion ( i e the true 3rd ) 
though situated in the 2nd abdominal segment, properly belongs to the 
3rd abdominal s^ment and therefore innervates that segment. The 
2nd and 3rd abdominal ganglia situated in abdominal segments 3 and 4 
respectively innervate segments 4 and 5 The 4th abdominal ganglion 
IS formed of the true 6th and 7th and is situated in segment 6 and 
innervates segment 6 and 7 The last ganglion is situated in segment 
7 and innervates segments 8, 9 and 10 Snodgrass m the ** Anatomy 
and Physiology of the Honey Bee” states on p. 293 that in the 
adult honey bee the penultunate ganglion is formed by the fusion of 
the true 6th and 7th ganglia This is true of Melipona as well as 
Apts tndtca But he foils to reconcile the adult anatomy with the 
changes taking place during metamorphosis. According to him ( vide 
p. 273) the penultimate gai^lion of the adult bee hes in the 6th 
segment of the abdomen and innervates that segment. Specimens of 
Apts dorsaia and tndtca were dissected to see if the above statement 
was correct It was found that the 6th abdominal ganglion gave rise 
to two pairs of nerves, as might be expected from its composite 
nature, of which one pair innervated the 6th segment and the posterior 
pair the 7th segment. ( vide Figs IX and X ). SnodgiasB' (kocnption 
on p 273 IS therefore obviously incorrect. His figure however is 
correct. 

3 The dtgesltve system . — At the beginning of pupation the 
posterior region of the midgnt, where it is pressed against the hmdgut, 
breaks down and the faecal matter stored up in the midgut is passed 
to the outside. The malpighian tubules which in the larva do not 
possess any opening at all, also come to open and empty their contents 
mto the gut As a natural amsequenoe the gut and the malpighian 
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tubules shrink. Histolysis of the epithelium of the gut soon follows 
and this results in its eventual absorption. A layer of new epithelium, 
which was already growing around the old one» takes its place. The 
fm- and hind-guts silso undergo the same process of degeneration and 
regeneration. The foregut soon after widens out and its epithelium 
beocmies developed into a layer of deop columnar cells Where the 
foregut meets the midgut the former enlarges into a structure which 
gradually develops into the so-called “ honey stomach The malpig- 
hian tubules of the larva degenerate and disappear entirely. With 
the degeneration of the larval tubules, imagmal tubules are budded off 
from the regeneration area of the hiixigut The hindgut which was 
a bent tube Lying beneath the midgut in the larva, becomes a straight 
tube during the early stages of metamorphosis The anus which 
was situated at the posterior extremity of the long axis of the body 
in the larva, has now come to lie on the ventral side During the late 
pupal life the hindgut widens out at il^ posterior region and this 
ultimately develops the rectum with its elaborate system of glands. 

4. The tdk glands — The silk glands undergo complete histolysis 
and disappear entirely. 

5. The /at body — The larval fat body cells show a central 
nucleus and a vacuolated cytoplasm when stained with Mallory’s 
Triple Stain But the fat body of the pupating larva when stained 
with the some stain shows a number of globular bodies in the cyto- 
plasm, some stained red, some reddish blue and others light blue. 
Those bodies according to Berlese and others, are albuminoids occurring 
in different stages of elaboration The fat body cells soon lose their 
cell membrane and these globules are thrown out mto the blood. 
Sections of pupae show that most of the fat has been used up during 
metamorphosis, there beit^ only a few cells and globular bodies left 
floating m the blood. The oenocytes embedded in the fat body are 
liberated when the latter breaks up. They assume more or less a 
globular form and eventually seem to undergo degeneration. There is 
considerable difference of opinion regarding the fate of the larval 
oexx>C3^- According to Koschevnikov (1900) and Weisenberg (1907) 
the imagmal oenocytes arise from the hypodermis during the pupal 
stage, most of the larval ones degenerating entirely Perez (1903) 
however states that Koschevnikov's observation is erroneous. In 
Mehpona a large number of small oenocytes are seen near the hypo- 
dennis durmg the early pupal stage, and these differ considerably in 
size and stainmg qualities from the larval oenocytes. There is every 
reason to suppose that these are the newly formed oells which persist 
in the adult as imagmal oenocytes. Thus my observations support 
those of Koschevnikov 

Mention should be made dl Bzx)tber set of cells which maka their 

B 
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appearance during tbe pupal stage They are completely absent in 
the larva and they make their appearance during the prepapal perKxIi 
and are limited to the abdominal region These modified felt cells are 
characterized by their large size, being visible to the naked eye as 
dark bodies amidst the fat cody in the pupating larva. There is a 
central nucleus with a granular cytoplasm and a thick cell membrane. 
The cytoplasm does not absorb any stain. 

Many workers seem to have noted these cells but apparently have 
regarded them as oenocytes Karawaiew (1898) describes m Lasius 
a set of large phagocytes and his description of these cells fits in very 
well with the cells described above. I have not been able to observe 
any phagocytic tendency in these cells which I have described They 
show certain inclusions in the cytoplasm which appear to be excretory 
products In the adult they become crowded to tbe posterior region 
of the abdomen and finally seem to dismtegrate Their cytoplasm 
shows also a general resemblance to that of nephrocytes, and 1 have 
therefore preferred to call them pronephrocytes. ( Vide Fig. IX ). 

6 The fetnale efferent gfimtal system — It has been said above 
that the oviducts terminate on the ventral side of the 7th abdominal 
segment in tbe larva. During the early stages of metamorphosis three 
ventral bypodermal thickenings which ultimately result m three 
invaginations develop. The first of these is from the anterior region 
of segment 8, and is the vaginal invagination. Such on mvagination 
has been noted by Nel m Locustana in tbe same situation. Morpho- 
logically therefore it is homologous to the invagination in Orlboptera 
and Ilomoptera. This invagination as it grows forward becomes dorso- 
ventially flattened anteriorly Later on its dorsal and ventral walls 
meet and fuse aloi^ the median hne at the anterior half. This results 
in the formation of two ducts at that region. These two ducts meet 
the oviducts of their respective sides and during the later pupal stage 
fuse with them Thus tbe female efferent system is established. 

Meanwhile the second and third mvaginations also elongato» 
the latter showing more pronounced growth than the former. Tbe 
former takes its origin frcun the median ventral side of the 8th segment 
behind the rudiments of the anterior ovipositor lobes. At its posterior 
extremity it opens mto a groove which later on extends anteriorly and 
posteriorly till it meets the other two invagmations. The second mva- 
guuitioQ IS that of the spermathecsu As pupation proceeds the hypo- 
dermis intervening between the first and second mvaginations shrink m 
such a way as to approximate the two mvaginationa. At tbe same 
time the ventral wall of the vaginal bp grows posteriorly thereby riuft- 

the vaginal opening backwards. As a result of these changes tbe 
spennatbecal invagination not only becomes confluent with the vagina 
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but cones to lie on the dorsal side of the vagina. This is the condition 
in wluoh it IS found in the adult. 

The third invagination takes its origin between the mdiments of 
the ovipositor lobes and elongates anteriorly until it oocnpies an oblique 
position m the body cavity. A short distance from its opening it 
widens out mto a sac, though at the antenormost region the Inmen is 
narrow. This is the mdiment of the acid gland. The wider region 
develops mto the reservoir of the gland. (Vide Fig XI). In the 
worker the efferent system occurs m a less developed condition than in 
the queen. 

Snodgrass figures and describes the vagma as opening at the 
anterior region of the 8th segment and anterior to the anterior oviposi- 
tor lobes m the pupa. Seurat also places the vaginal opening at the 
emterior region of the 8th segment Tiegs places it further back bet- 
ween the Erst and second pau of appendages, t e , between segments 8 
and 9. In the adult Hymenoptera the vagina opens in the situation 
descnbed by Tiegs. The above described mode of formahon of the 
oviduct and the consequent shifting of the vaginal opening to the 8th 
segment recalls the process which I have described m the case of 
Homoptera in an earlier paper (Q J M S , 1929) In Homoptera the 
original vagmal opening which is behind the 7th corresponds to the 
vaginal openmg during the early pupal stage in Melipona. But none 
of these workers has studied the development of the common oviduct in 
detail and thus they failed to notice the shifting or carrying beck the 
female opening behind the 8th. The spermathoca is regarded by these 
workers as an outgrowth of the vaginal mvagination , in Mdipona it is 
a distinct mvagination in itself and opens independently of the vagma 
as noted by Zander m Apis, though subsequently it beoomes fused with 
the vagina. The development of the spermatheca is exactly on the same 
lines as m Diptera, noted by Christophers and Baraund, and in Ortho- 
ptera, noted bv NeL 

One significant fact is that the sting glands are present though the 
sting itself is vestigial and non-functional. This compels os to 
that these glands are functionally female accessory glands. In Apidae 
the secretion from these glands containing formic aad prevents pntre 
faction and growth of moulds in honey and pollen store. Possibly 
■imihir use IS found for them m Melipona. The ovipositor lobes are 
not properly developed occurring only as rudunentary structures. 
Tiegs regarded the genitalia of Nansonia female as having devetoped 
out of segments 8| 9, and 10, and states in that connection that such a 
development is m accordance with what Dewitz found m Locustidae. 
Obvio^y Tiegs has misinterpreted Dewitz who stated that the inner 
ovipositor lobes appear as processes from lateral lobes of the 9tb 
eagment. 
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Summary and conclusions. 

1. A general account of the life history and habits of MdtPoma 
trrtdtpenms is given. It has been observed contrary to the general 
conception that hot months from March to July form the period of 
great activity as was noted in the case of Apis tndtca and dorsata m 
another connection. 

2. The general morj^logy of the worker is given. Larval 
anatomy and metamorphosis has also been worked out. Special 
features are (a) A few fat calls become modified as excretoty cells 
during metamorphosis (pronephrocytes) , (b) The adult oenocytes are 
formed from the hypodermis of the pupa , (c) The larval nerve cord 
with three ganglia in the thorax and eight m the abdomen becomes 
modified mto a cord with two ganglia m the thorax and five m the 
abdomen when the adult condition is reached. The composite natnre 
of the penultimate abdominal gai%lion is established on anatomical 
and developmental grounds , (d) The formation of the female eflbrent 
system has also been studied, and it has been found that it takes place 
on the same lines as in Homoptera ( Gmorge, and Metcalfe ), and 
Orthoptera ( Nel }, The accessory glands ( the poison glands ) are 
present though the sting has become non-fonctional. It has been 
inferred therefrom that these glands are ancient structnres of physio- 
logical unportance in connection with the reprodnctive habits of the 
animal and their function as poison glands is a secondary modification. 
Such glands arising from the 9th abdominal segment are present m 
Homoptera and Orthoptera, etc. 

The morphological and developmental part of this work was 
carried out in the Imperial College of Science and Technology, London. 
My thanks ore due to Professors Balfour Browne, and J. W. Monro 
for many suggestions and criticisms. 
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EXPLANATION OP DRAWINGS. 

Fig. I. A diagrammatic section of the hive of Meltpona tm- 
dtfienma kept under observation 
Fig II. The worker of Melipotia tmdapnmia 

Fig. III. The queen do. 

Fig. IV. Egg in situ in a cell do. 

Fig. V. The larva do. 
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EXPIRATION OF DRAWINGS 


Fig. VI. The mouthparts of the worker» Ueltfiotut tradtpenma. 
Fig. VII The genitalia of the drone, do. 

Fig. VIIL The genitalia of the queen, da 

Fig. IX. A vertical longituduial section of a mature larva, da 
(diagrammatic). 
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Fig X. The nervous system of the adult, iil«{f^OfiaifTuli!Aw>»M. 

( semi-diagrammatic) 

Fig. XI A vertical longitudinal section of the hind region of the 
abdomen of a pre>pnpa, da 
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Introduction, 

Tbe following paper contains nn account of an investigation on 
the development of the Teleostean scale, diiofly that of the Trout, 
Salmo farto and Salmo trrtdeus Ihe Teleostean scale has lieon 
studied by n large number of investigators, [Leydig (1851), Raudelot 
(1873), Hofer (1889), Klaatsch (1890), Ussow (1897), Tims (1902), 
and more recently by Hase (1912), and by Paget U920) ]. 

Klaatsch's (1890) account of the development of the Teleostean 
scale, although supplemented by the work of others, has remained the 
standard authority. In the interpretation of the several details there is, 
however, nn entire lack of agreement The accounts of difiFerent 
investigators vary to an e\traordinary extent in the matter of detsul , 
this IS largely due to technical methods of investigation, e g., the scale 
being an extremely hard structnre there is great diBicalty in cutting 
It into thin sections. 

The literature on the subject has been reviewed very thoroughly 
by Stuart (1904) and Paget (1920). The latter author in his review 
presents points from the work of otlier investigators where lack of 
agreement exists ; I shall go mto these details later, and, while discus- 
sing the more important points, shall refer to the work of the several 
authors. 

For the suggestion of this problem and for much valuable advice 
I am greatly indebted to Mr. J. Gray 
Methods 

(a) « General fixing and staining methods. 

The material was fixed in at least four fixing reagents, viz. 
Bias' fluid, corrosive sublimate, Flemmg without acetic, and Bourn’s 
fluid. I found files' fixative very satisfactory, giving good fixations. 

Great difficulty was experienced before satisfactory preparations 
were secured , it is by no means easy to obtain preparations in which 
the cell-boundariea and cell-layers are sharply diflerantiated. Several 
stains were employed to bring mto evidence the intercellular network, 

c 
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and were abandoned as ansatisfactory* for the scale-layers proved 
unusually difRcult objects for cytological study. 

Of the methods employed, the silver impregnation gave the 
best results , the only difficulty being that the nuclei in such prepara- 
tions did not take up the stain , the cell-boundaries are, however, 
shown with special distinctness, which made it possible to distinguish 
between the different cell-layers 

(b) Special method 

The scales to be impregnated must be fresh, that is, such as have 
not been treated with any reagent It is only fresh scales which will 
impregnate 

The fresh scales are first washed in distilled water containing a 
trace of sodium sulphate (O 75%) for 2 or 3 minutes. They are then 
transferred to silver nitrate 0 2% solution for 5 minutes , after this 
they are again washed in distilled water. After this washing they are 
developed in any clean developer, (e. g , Amidol 0*2% in 2% sodium 
sulphate diluted with water 5 or 6 times, from 2 to 3 minutes). 

After a final washing in distilled water, the scales are mounted in 
glycerine. 

Maien(^, 

The numerous specimens of Trout used during the coarse of the 
investigation were obtained entirely from Nailswortb in Gloucester- 
shire These were sent alive to Cambridge 

Desonptton o/ Scale DevelopmetU 

(a) Early appearance. 

The first stages of scale development take place in fish larvae of 
about 3 cms. in length and when the fish is about 75 days old. The 
trout material obtained from Nailsworth proved remarkable in that 
the hsb, growmg under practically identical conditions in tanks, showed 
great variation in size It was found that some fish grew much 
more rapidly than others and fish of the same age varied markedly in 
size. The first scales to appear were those of the lateral line. 
Certam relatively large fish occasionally showed no trace of scales. 
Such mdividuals were, however, extremely rare. Attention has 
been very often drawn to the dose relationship between the scales 
and the age of the hsh , the study of the scale development m the 
trout shows that the scales do not appear oniformly over the whole 
body, and the scales from different regions show variation m the num- 
ber and even width of annuli. It may be mentioned that, m the early 
stages, in between the fully developed scales, one also comes across 
smaller scales with fewer lines of growth. These small scales are 
mentioned by Klaatsch This irregularity is very marked in some ctf 
the fish, but as growth proceeds one rarely meets with it 
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The first indications of the formation of the scale are seen in the 
outer part of the dermis, in which appear a series of cell aggregations ; 
an early sign of development is the frequency of mitotic and amitotic 
figures in the region below the basement membrane of the epidermis. 
This continued activity results in the production of hillocks as seen 
in Fig 1. In transverse sections, several layers of cells are seen at 
this stage. The cells in a cluster have large nuclei and each has a 
deeply stamable protoplasmic body Each of these clusters extend 
laterally and represent Rattened papillae At this stage the dermis 
difiTereotiates into two layers, an outer spongy and an inner fibrous 
layer , these two regions merge into each other, there being no distinct 
boundaries. 

The first indication of the appearance of the scale itself is a thin 
sheet of a highly refractive substance, the scale at this stage is 
symmetrically enveloped by the dermal cells which on their outer side 
appear several layers deep (Fig. 8) These cells, to which Klaatsch 
has given the name of sder6blasts*\ separate the scale completely 
from the epidermis, which never takes any port in the development of 
the scale , very often the scale lies in the epidermal region of the body , 
this occurs as a result of oblique cutting of sections While the above 
changes are taking place, Hofer (1889) and Hase (1907) believe that 
the basal epidermal cells undergo a remarkable alteration According to 
these authors, m the trout the basal layer of the epidermal calls, which 
lie immediately over the developing scale, become modified to form 
an enamel membrane, though the structure never becomes fnnctionaL 
Later they reassume their original form, losing this special character. 
Hofer attaches to this bet considerable phylogenetic interest because 
in the development of the Ganoids and the Placoids the larger portion 
of the spine is epidermal In the feleostean scale, the scale takes its 
origin in the dermis, and throughout life remains a dermal structure 
Hofer and Hase see in this fact an indication of ancestral condition, 
According to Paget the epidermal cells lying immediately over the 
young scale become cylmdrical although the change is not universal. 
I have gone through all the preparations with special attention to this 
point, but m no way have 1 been able to find structures corresponding 
to those described by Hofer and Hase In the course of very early 
development, the epidermal cells appear to be slightly more cylindrical 
m form. I have not noted a similar change in the course of forma- 
tion of the scale. As for the enamel organ itself, it occurs in advanced 
stages, BO that the very early assumption of cylindrical appearance 
seems to me to be agamst its morphological significance, if it does 
occur in the later stages, it may be a transient phase or perhaps 
a phenomezKm that occurs very rarely, and it would be best to 
regard as artefacts such changes m structure which occur so rarely 
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In both S farto and S. tm<ku$ there is present below the basal 
epidermal layer the basement membrane, which in S. imdmts is 
strongly developed and well marked (Fig. 2). The basement mem- 
brane appears to be double in nature , this appearance is due to the 
existence of a definito membrane and the presence of fine ectoplasmic 
layers of the basal epidermal cells, which, when continuous, present the 
form of a second membrane. 

(c) Cell layers, thetr arrangement and behaviour. 

In thin sections of Trout embryos at this stage, the layer of cells 
on the dorsal surface is seen to be several cells deep , as growth 
proceeds, the depth of the cells is rednced and one always meets with 
two distinct layers on both the surfaces ( Figs. 5, 7, 9 ) the scale 
makes its appearance m between these four layers. The cells m these 
layers in the act of secretion undergo certain definite changes whether 
the secreting cells are from the dorsal or from the ventral surface, the 
behaviour and modifications undergone are essentially sunilar m both 
cases My preparations indicate that the cells and their nuclei grow 
considerably and become transparent. The nuclei of the dorsally 
placed cells become very much flattened and change gradually from a 
circular to a broadly conical form, the karyosomes break up into 
irregular fragments giving a granular appearance to the nuclear con- 
tents very different from the first. During this activity the cells with 
their nuclei remain attached to the scales between the concentric 
striations. (Fig 14.) The fusion is so intimate that in sections the 
presence of cell walls associated with the nuclei may be demonstrated 
with very great difficulty 

The nuclei in the dorsal sderoblasts when they are properly fixed 
with Fleming \Mthout acetic and stained with Iron haematoxylm show 
at certain stages whitish areas which ore small in the beginning, but 
later become confluent to form one large area ( Fig. 7 ). In the ventral 
scleroblasts similar very minute areas appear in the nuclei and seem 
to be of the nature of secretions which build up the substance of the 
scale 

Another interesting feature of the dorsal scleroblasts, which seems 
not to have been recognised, is that these cells are remarkable m 
being very passive. There are no signs at any stage of excessive cell 
multiplication taking place on the margins or on the surface of the 
scale. At the edge of the scale the upper and lower layers merge so 
intimately that no distinction can be drawn between them (Fig. 6). 
There is no sign of excessive cell multiplication on the dorsal surface , 
whereas on the ventral surface the same phencunenon is actively dis- 
played , one meets with cells and tbeir nuclei m vanooa stages of deve- 
lopment. It may be therefore that the cells are m process of nngratioD 
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from the ventn] surface, from which the dorsal scleroblasta receive 
fresh reinforcements ; the new elements at the margin continue to be- 
come associated with the upper scleroblasts. 

There is considerable divergence of opinion regarding the 
polygonal layer (of Klaatsch) of the scale. 

Klaatsch records this layer as occurring on the dorsal surface 
" The superficial scleroblastic layer offers a very characteristic picture. 
Its polygonal-shaped elements simulate a flat epithelium. Between the 
protoplasmic bodies, which stam intensely in carmine stains (also m 
haematozylin), there exists a network of a substance which does not 
tinge. This latter calls to mind a system of intercellular spaces." 
The histology of this cell layer was first studied by Klaatsch and the 
results of his mvestigations are contained in the following statements 
“ It attains a longisb form and the nucleus reaches a more peripheral 
situation in the cell By this means the nuclei of adjacent cells fre- 
quently approach one another, a nuclens-contaimng port from a 
nucleus-free section In the latter, the following occurs with great 
regularity . at one spot the protoplasm loses its staining capaaty, while 
this part retreats further and further towards the circumference, there 
arises a bright, almost circular spot (of about 6" m diameter ) which 
in form and size simulates a nucleus Its mterior shows no structure 
While it stretches further and further towards the pole of the cell 
directed towards the nucleus, it eventually unites witli the bright parts 
between the cells The bright streaks between the cells owe their 
origin, just like the bright spots which I have described above, to a 
substance which has become differentiated from the remaining proto- 
plasm. " (Fig. 4.) 

My mterpretation regarding the nature and origm of the 'white 
spots' differs from that of Klaatsch , the origm of the white spots and 
hia explanation of the ebngation of the cells are not clear to me. It is 
evident m my preparations that the spot arises from witbm the nucleus 
(Fig. 4). The material from which it is derived is densely massed to 
one side of the nucleus, this loses its connection with the nuclear 
membrane, and moves away from it towards the centre of the cell la 
Its early stages the colourless mass sunulates a nucleus, but later be- 
comes diffuse and some of it no doubt unites with the mtercellular 
substance , gradations between the early stages and the last stages are 
met with. It seems to me that the white spots oertamly stand in 
genetic relation to the nucleus. In ourly, as well as late development, 
the nucleus is very closely surrounded by a whitish ring , this ring I 
think is a substance which is differentiated in the nncleos ; it penetrates 
qsmotically the unclear membrane and becomes deposited round it 
io ^forqi of gringi giving to the nucleus the ^ipearanoe of lying 



22 


JOURNAL OF THE UNTVBRamr OF BOMBAY 


m a large vacuole. This substance I consider as a secretion which 
accumulates round the nucleus and is finally eliminated in bulk. 

If this derivation of the spots from the nudeus itsdf is not conect 
then it becomes extremely difficult to account for their origin, because 
m the ground substance, other than the nucleus and its karyosome, 
there appears to be no other structure and besides this fiict there is no 
evidence for the belief that it arises as a differentiation process of the 
ground substance of the celL 

According to Klaatsch, the spots ultimately amalgamate with the 
intercellular meshwork , this coalescence Hase, Ussow and Paget did 
not observe. If Klaatsch's view be correct the white spots m the 
cells and the mtercellular substance should take up the same stain 
with the silver unpregnation. The intercellular network is stained brown, 
that is, like the product of secretion ( Fig. 10 ) My preparations also 
show the same product stained brown round the nuclear membranes 
Fig. 11. 

The polygonal layer of cells described above is (contrary to the 
view of Klaatsch) really the more distal layer on the ventral surface , 
reference, however, will be mode to it again. In addition to this 
pol^onal layer there is another more proximal layer to which no 
reference has been made before. This proximal layer is very closely 
adjacent to the scale (Fig. 9). As for the arrangement of the cells 
themselves, in these two layers throughout the series there is a great 
deal of variation m the appearance of the network of cells. 

The distal cells*layer (polygonal layer of ceUs) on the ventral surface 
presents a very characteristic appearance. Figure 6 is a representation 
of the peculiar arrangement, which can be more clearly depicted than 
descnbed. The entire scale layer is mapped out into several zones, 
which, as far as I have been able to make out, have no relation to the 
stnation or to the growth of the scale itself. The most prominent 
region is the centre occupied by cells which are reticulate m nature , 
this region has more or less the appearance of a sponge, or of a honey- 
comb, with large cells each having a nucleus, this is surrounded 
by a zone of cells, which are slightly elongated and arranged in a 
concentric manner, followed by small rounded cells. This is next 
succeeded by a zone of prominent cells, constituting the largest portion 
of the scale The cells are numerous and elongated radially, as 
these proceed outwards they become small and circular and are 
followed by a zone of cells near the periphery, which are elongated m a 
du-ection tangential to the scale and shorter m a direction radial to it ; 
the last layer becomes gradually less distmct and is unmtemiptedly 
contmuous with the outer border of the upper margm. In some 
scales the early regions do not exist, and from the centre radiate the 
radial cells ; these are followed by the osoal cells. Besidee theae types 
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there are Bcales in which other arrangements prevail. The precise 
conditions under which these various arrangements come to exist I 
cannot state. It seems likely that they represent different stages in 
the activity of the cells. The proximal layer of cells on the ventral 
surface, which lies between the polygonal layer and the scale, has the 
appearance of an irregular network of large polygonal cells ( Fig 9 ) 
The meshes vary in size, as does also the intercellular probably sub- 
stance which becomes dilated and more prominent according to the 
quantity of the secretion accumulated in them. The nuclei in both the 
ventral layers are smaller and rounded, while those m the two dorsal 
layers are larger and greatly flattened. Besides these cells and their 
nuclei on the ventral surface, there are other nuclei which seem to be 
enclosed in several circular and Irregular alveoli, giving the appearance 
of islets (Fig. 4) These nuclei are of varying size They appear 
singly or in groups ( fragmentation ), showing no regular distribution, 
and appear to be in a special stage of activity. These nucleoli increase 
gradually in size and attain their maximum staining capacity. This 
is well seen on an application of Delafleld haematoxylin, by which 
they acquire a beautiful blue tint 

Corresponding to the two layers of cells already described as lying 
on the ventral surface, there are two layers of polygonal cells at all 
stages of development of the scale on the dorsal surface ( Figures 5 and 
7 )• The difference between the layers of the two surfaces is that the 
intercellalar material in the case of the dorsal cell layers is very poorly 
developed and the nuclei in these layers are much larger than entire 
cells m the previous stages. 

( c ) Connedtw f issue 

The great bulk of connective tissue constituted by the fibrous 
layer of the dermis is composed of bundles of connective tissue fibres, 
there being three sets of the latter, two sets runnmg parallel to the 
surface diagonal to the long axis of the body, and the third set perpen- 
dicular to the other two sets. According to Hase the last set is really 
the diagonal fibres which have changed their direction. Paget believes 
them to be distinct, starting straight from the base of the fibrous 
layer without any previous horizontal course. I have followed the 
formation of fibres both in tmy embryos and m adult fish in prepara- 
tions fixed with Fleming without acetic and stained with Orcein and 
Weigert's Resorcin Fuchsin stain, the fibres appear very distinctly, 
and I am able to corroborate both Hase's and Paget's descriptions. 
Sections stained by the above method show very distinctly that the 
fibres belong respectively to the collagen and the elastic type The 
first two sets, rnamng parallel and diagonal to the surface of the body, 
consist of wavy bundles, wbch very often change their direction and 
run perpendicolar to the surface of the body When these happen to 
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be cat at different ]evel$, they appear to arise straight from the base ; 
the cat ends of these fibres are met with at difibrent levels. These 
fibres belong to the first type and I have no doubt that it is to them that 
both Hase and Paget refer The elastic tissue fibres, which are charac- 
teristic in running in a straight coarse occur singly. They arise distinctly 
from the base and run quite perpendicular to the surface ( Fig. 3 ). 

In the scale pocket the connective tissue cells take the form of 
small rounded or stellate cells with processes which seem to anasto- 
mose among themselves ; these cells form a firm support for the scale. 
During development, as the posterior end of the scale is being inclined 
outwards, the cells of the cutis between the epidermis and the scale 
enter on a stage of active cell proliferation. They make their entrance 
between the basal membrane and the scale, and become associated 
with the scleroblasts at the ends of the scale. These cells, from their 
appearance and mode of staining, closely resemble connective tissue 
cells which have detached themselves and taken up this position; the 
cells from the two sources m the r^ion of the peripheral sections of 
the scale become so much intermingled that they are distii^mshed with 
difficulty Klaatsch and Ussow, however, have seen cell clusters in 
the same position, and attribute to them the relief on the upper surface 
of the scale Klaatsch says “ At the same time there takes place an 
increase of dermis cells between the epidermis and the scales, and new 
elements thus become added to the scleroblasts on the upper surface of 
the scale, etc , etc. The scales thus become enveloped on all sides by 
loose connective tissue from which the scleroblasts receive new 
auxiliaries.” 

According to Hase, m the further course of the process of scale 
formation the transformation of cutis-colls into scleroblast takes place. 

According to Paget, the papilla from its early origin acquires the 
form of a two-layered circular plate, between the upper and lower layers 
of which the scale makes its appearance. My observations support 
Paget’s conclusions, but the scale papilla from its early origin is not 
two layered, but four-layered. 

With regard to the connective tissue cells, it may be mentioned 
that they never take any part in the formation of the scale. The 
scale throughout its existence is so completely and symmetrically 
enveloped by the scleroblasts { Fig 6 ) tliat it would be wrong to 
imagine a break occurring in these layers 

( d ) The development of the sdentes * 

The sdentes make their appearance for the first time at the 
extreme out ends of the scale in both longitudinal and transverse 

* On the donal surface of the scale are devdoped concentric IneqtuStics 
which have been varloudr described as "annii,” "addrite^’* 

etc., etc. 
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sections and present slight elevations of a substance which to all 
appearance is very similar to that of the upper layer of the scale. The 
explanation of Klaatschi Ussow and Paget with regard to their forma- 
tion IS essentially similar The cells concerned arrange themselves so 
that they correspond exactly with the concentric ridges* ” In my 
preparations I And, firstly, that they occur at the extreme periphery 
( Figs. 7. 12 ), and appear to be laid down simultaneously with the 
other scale layers, and furthermore they arise within a cluster of cells. 
Just as the scale appears between scale papillae, so do also these appear 
between yot smaller cell aggregations, the sclente papillae In this 
smaller papillae the substance of the sclente inclined towards the 
focus makes its appearance (Fig 7 ) The cells on the outer side of 
the ndge, situated as they are on the circumference of a widening 
cufcle, are scattered as growth proceeds and lie between the adjoining 
sclentes , the cells on the inner side are usually kept well in position 
Tt IS well-known that the sclentes in some fish formed during the 
summer are wide apart, while those formed m winter are nearer 
together The surface of the scale is thus mapped out into well-marked 
regions the summer and the winter bands In other words, the scale 
denotes a well marked rhythm. These facts of development have 
been utilised for determining the age of the fish It seems just possible 
that the width between adjacent sclentes is determined by mechanical 
causes. The sclentes are formed in response to the phasic activities 
of the scale-pocket cells and the interval between each of the phases 
is represented on the scale in the form of sclentes. 

Each scale develops in n pocket of the skin the scale-pocket 
Schuppen-Taschet' Klaatsch) In the Trout, the limits of the 
scale-pocket are well defined and the scale with its close investment 
of four cell layers lies free of the scale-pockeL 

During summer, owing to more active growtli, the scale-pocket 
increases in size and makes a larger space available for the scale, so 
that the activity of the scleroblasts lead to an extension of the peri- 
pheral portions of the scale. The formation of the sclentes is capable 
of explanation on the hypothesis that the growth of the scale-pocket 
takes place at regular intervals , like the sclentes of the scale, they 
exhibit rhythm After the growth of the scale pocket, there is a period 
of rest. At the next stage, the border of the scale abuts against the 
sides of the scale-pocket , as a result of extensive multiplication of 
calk on the ventral surface and enlargement of cells on the dorsal surface, 
there is an accumulation of cells at the borders of the scales on the 
dorsal surface. As no peripheral an extension is possible under these 
arcomstances, the substance which builds up the sclentes accumulates 
between the cells, and takes the line of least resistance , in othoc 
vorda it Hdraa a path of its own, subject to the restraints wiucb aoa 
D 
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imposed on it and the secretion accomalatea in the interstices of 
the cells, which increase considerably in area by their own activity. 
At the completion of sclerite formation, the scale-pocket grows again , 
the strain npon the path of the scale being thus removed, growth takes 
the path of least resistance and the intermediate portions of the scale 
m between the sclerites come to be formed. 

From this it follows that during summer, on account of environ- 
mental factors, the intervals of growth of the scale-pocket are long, 
leading to the formation of widely separated sclerites. In winter, for 
contrary reasons, the intervals of growth are greatly diminished, so 
that the sclerites, which come into existence, have not had enough time 
to be separated and are therefore crowded together. The sclerites denote 
the resting period, or they represent the arrested growth of the scale- 
pocket 

Previous records atid points of interest 

An important record m connection with scale development — and 
also one of the earliest — is that of Kloatsch (1890). lie was the first 
to work out the details of the development, and the figures representing 
his various sections arc very instructive He based his opinion of 
scale formation and growth upon the presence of minute osseous bodies 
in the first layer of the scale and he regarded this part of the scale as 
built up of the ordinary bone tissue. He believed that the second 
layer of the scale is formed from the connective tissue which is deve- 
loped from the scalc-pocket. Paget (1920) contradicts the above 
conclusion ho believes that the upper layer of scleroblasts gives rise 
to the upper layer of the scale, and the lower scleroblasts to the lower 
layer These facts are in agreement with my observations. 

It now remains to review briefly some expressions of opinion on 
the following questions 

(a) Which of the two scale layers is laid down first ? 

(b) Whether the covering epithelium is one cell thick or more 7 

(c) The changes undergone by the dorsal scleroblasts. 

(a) With regard to the first, Klaatsch and Ussow are of opuuon 
that It is the upper layer of the scale which is laid down first Klaat- 
sch states, ( regardii^ the relation of the lower to the upper layers ), 
" it is of significance that the upper layer of the scale exists for a long 
time alone, axid that it is not till later, when the covering of the scale 
has completed itself, that the outer part of the scale first appears. 
There exists indeed a genetic relationship between both layers, and the 
external body layer has actually occasioned the formation of the second. 

An examination of entire scales from the very earliest stages 
shows that the lower scleroblastic cells are active at all stages of 
their existence. They very early assume the choncteristic polygonal 



DEVELOPMENT OF THE TROUT SCALE 


27 


formi and the white spots are also present ( Fig 4 ). If Paget's view* 
( with which I agree ) that the upper scleroblasts give rise to the upper 
layer of the scale, and the lower scleroblasts to the lower layer, be 
correct, then undoubtedly the lower scale layer exists at all stages. 
The polygonal layer of cells, which Klaatsch and Ussow take such 
pains to describe as lying over the scale, lies really below it Attention 
was drawn to this fact by Paget and 1 can fully confirm his observa- 
tions. To the activity of this layer they attribute the formation of the 
upper scale layer In the light of these observations, it would seem 
that both Klaatsch and Ussow make contradictory statements, viz , the 
formation of the upper scale layer first and associated with it the 
lower active epithelium, in their view, the upper The study of 
preparations stained with Delafield's haomatoxylin corroborates this 
statement. 

I know of no method of determining which of the layers is depo 
sited first The microscopic indications support Paget’s statement that 
the two are laid down simultaneously In the Cod, Tims ( 1902) 
showed that the inner layer which forms the fibrous plate develops 
first and on this the sclerites subsequently differentiate themselves 

(b) The question here to be decided is whether the covering 
epithelium is one cell thick or more 

In connection with the cell layers different accounts exist , this is 
doe to the fact that the Delafield's method of preparation obliterated 
the cytoplasmic outlines and made the limiting membranes invisible, 
( compare Fig. 14 with Figs 5 and 9 ) and therefore both on the dorsal 
and on the ventral surfaces the double nature of the cell-layers was 
not clear. These layers in fact are capable of being lifted up and 
separated. Klaatsch, however, described several layers. He says 
that the cell structure on the external surface of the scale show diff- 
erentiation mto several layers of cells, and that these cells build up 
the substance of the first layer of the scale. In the opinion of Hase 
and Paget, the covering epithelium is ouly one cell thick. 

If a reference is made to my figures the question is very convinc- 
ingly answered In preparations of scales moimted entire and stained 
by the special method, the four cell layers lying in different focal planes 
can easily be demonstrated, and the scale throughout life remains 
enclosed by these 

(c) The changes undergone by the dorsal scleroblasts described 
by Klaatsch, Ussow, and Paget are not clear to me. 

According to Ussow, the cells which he over the already secreted 
substance of the first layer of the scale use themselves up in the 
formation of the scale material ( its first layer ) much more rapidly 
tMp those of the under layer , in later stages consequently one finds 
only nuclei without any trace of plasma. 
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Paget* in describing the striations, makes the following state- 
ments. When the striae are once formed, practically no further 
growth takes place and the nuclei of the cells appear not to attach 
themselves so closely to it as at first , nevertheless* the whole of the 
plasma is used up in the process of stna formation ” ( Pig. 14. ) 

A study of preparations impregnated with silver makes it clear 
that the dorsally placed cells, which appeared to possess no cell-wallsy 
have perfectly distinct cell limits hko those on the ventral surface 
(Fig 5). It IS also apparent that the protoplasm is not used up in 
the building up of the scale, but on the contrary some product is sepa- 
rated from the cells and contributes to the formation of the scale. 
An interesting question arises with regard to the behaviour of the 
dorsal sderoblasts. Why do the cell limits on the dorsal surface of 
the scale not take up the same Delaiield's stain which the ventral 
cells do readily ? One explanation is that the fixing reagents, which 
were employed in the histological technique, destroyed these cell out- 
lines. 

Another explanation would be to regard the ventrally placed cells 
os young ( meristem in plants ), with plenty of protoplasm which 
readily takes up the stain, the ventral marginal cells as they pass on 
to the dorsal layer at the margins are no doubt older in history These 
latter become in a sense static. The protoplasm becomes miscible with 
the ground substance with the result that ordinary methods of stain- 
ing will not bring up the cell walls By silver impregnation the 
colouiing matter is deposited in the uitercellular regions m the form 
of a precipitate, making the cell limits more opaque. In plants a 
Similar phenomenon exists. In the meristematic cells, the cytoplasm 
occupies the whole volume of the cell and stains with the usual 
reagents. When the cells become old, the nucleus lies in a space 
surrounded by a thin film of cytoplasm connected by a number of 
strands with the cell-wall. In these cases the cell-wall takes up the 
stain because of the presence of cellulose in the cell-wall, the absence 
of which would make it just as difiicult os appears to be the case 
in animal cells 

The cell membrane is to be regarded os part of the protoplasm 
Itself, and it vanes in its composition according to the chemical pro- 
cesses going on m the cell 

Summary. 

(1) A satisfactory technique for the investigation of developu^ 
teleostean scales has been described. 

(2) The process of separation of the hard structure of the scale 
( upper and lower layers ) is the work of four layers of cells, to which 
the term sderoblasts may be applied ; these envelop the scale sym- 
metncally throughont life. 
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(3) The nppot scleroblasts have, throughont Iifd. definite cell 
limits and become just as dearly polygonal as the lower scleroblasts, 

(4) The upper sderoblasts give rise to the upper scale layer, the 
lower sderoblasts to the lower scale layer as well as to the upper 
scleroblasts themselves. 

(5) The protoplasm and cell limits persist throughout life, the 
substance which builds up the scale arising as an mtercellular 
secretion* 

(6) . The scale is situated m a special scale-pocket formed of 
connective tissue. 

(7) The sderites arise at the extreme peripheral ends of the 
scale and are formed by groups of cells 

(8) It IS suggested that the form assumed by the scale and the 
development of the sclerites is due to intermittent growth of the scale 
pocket and to the several tensions and pressures to which the scale is 
subjected during growth. 

EXPLANATION OF PLATES 

All the Photo-nucrographs were taken under a Watson’s microscope 
provided with Apochromatic objectives and Watson's Photo-micro- 
graphic apparatus 

Figure l Trans, section through the skin of young Trout, 
1/6'' objective x 4 ocular 

Showing (a) Formation of dermal scale papillae, 

(6) Differentiation of the dermis into an inner 
fibrous and an outer spongy layer. 

(c) Musculature 

Trout 3,5 cms. long. 

Trans, section through the skin of youi« Trout, 
1/6" objective x 4 ocular 

(а) Epidermis with mucous cells, 

(б) Cuticularised lower borders of the basal 
epidermal cells, 

(c) A defimte basement membrane. 

Trout 2.5 cms. long. 

Longitudinal vertical section of skm of Trout to 
show relation of fibres. Weigart's Resorcm. 
Fuchsm stain. 

1/12" objective x 4 ocular. 

(а) Collagen fibres runmiig in bundles and 
showing a change in thmr direction, 

(б) Elastic fibres arising straight from the base 
and running singly. 


Figure 2. 


Figure 3. 
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Figure 4. 


Figure 5. 


Figure 6. 


Figure 7, 


Figure 


Figure 9. 


A part of scale of Trout. Snrboe view of the 
ventral sorioce. Stained Delafield's Haematoxylin. 
1/6" objective x 4 ocular. 

(a) Large polygonal cells which exhibit every 
variety of shape 

(h) White intercellnlar spaces between the cells. 

(c) Whitish rings sarronnding the nncleus The 
white spots are massed to one side of the 
nucleus and in some cells separated from it. 

(d) Excessive nuclear fragmentation. 

Part of scale from the dorsal surface. ( Nitrate of 
Silver preparation). 1/6" objective x 4 ocular. 
2 layers of scleroblashc cells. 

Impossible to demonstrate without the silver 
method of staining 

Part of scale, stained with Delafield’s and Eosin. 
2/3" objective x 4 ocular. 

Showing general relation of distal ventral layer of 
cells. 

One end of the scale m section. 

1/12" objective x 4 ocular Relation of sclero* 
blasts to the scale. 

{a) Cluster of cells at the cut ends where a ridge 
IS m process of formation. 

(h) Also characteristic arrangement of odls which 
form the ridge. 

(c) Note whitish spots in nuclei. 

Transverse section of scale with several layers of 
scleroblasts on the outer surface. 

1/6" objective x 4 ocular. 

(а) The more proximal cells attached intunately 
to the scale. 

(б) The lower cells have separated away from the 
scale and appear more markedly flattened 
than those of the upper layer. 

Trout 3 5. cms. long. 

Part of scale Surhuie view of ventral cells from 
the anterior region. (Nitrate of Silver preparatioo)* 
1/6" objective x 4 ocular. 

(a) Two layers of scleroUastic cells. 

(b) The layer of cells (proximal) attadied to the 
scale has very large spaces. 
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Figure 10. Port of scale. Surface view of the ventral 
surface, only one layer m focus. (Nitrate of 
Sliver preparation). 

1/6" objective x 4 ocular. 

(a) Intercellular substance as well as the diffused 
secretion stained brown. 

Figure 11. Part of scale. Surface view of the ventral surface. 
( Nitrate of Silver preparation) 

1/12" objective x 4 ocular 
(a) The substance massed to the nucleus stained 
brown. 

Figure 12. End of scale in long vert section. 

1 / 12 " objective x 4 ocular. 

(a) The formation of the ridge at the extreme end 

(b) The upper homogeneous layer of thr scale 
raised into ridges 

(c) The stratification in the lower lamellar layer 
just visible 

Figure 13. Transverse section of scale. 

1/6" objective x 4 ocular. 

(a) Position and relation of scleroblasts of the 
two surfaces at the end. 

(b) Cuticle bordering the cells 

Figure 14. Part of scale from the dors^snrfaoe (Delafield’s 
Haematoxylin preparation) Compare with Figure 5. 

Figure 15 Transverse section of scale. 

( 0 ) Cluster of connective tissue cells at the end. 

Bibliography 

Hofer, B ( 1889) — Uber den Ban und die Entwicklnng dar 
Cycloid und Ctenoidschuppen.” 

Berl Gesell fur Morph, und Phys in Munchen, 
1889, Bd. VI. 

Klaatsch, H. ( 1890)— "Zur Morphologic der Fiscbnppen 
und zur Geschichte der Hartsubstanzgewebe." 
Morph, jahrbueb. Bd. XVI. 

Nickerson, W. S. ( 1893) — "On the Development of the 
Scales of Lepidosteus.” 

Bull. Mas. Comp. Zool. (Harvard), VoL 
XXIV. 

Harrison. R. G ( 1895 ) — Ectodermal or Mesodermal Origin 
of the Bones of Teleoets.” 

Asat Anzeiger, Bd X. 



JOUKNAt. OF tHB ONlVBltBttV 0» 


Ussow, S A. (1897) — “DieEntwicI^faugdnCyclold-Scbiippa > 
der Teleostier.** 

Bull Soc. Imp des Natorelistes d» Moscow. 

Marett Tims, H. W. ( 1902)—” On the Strnctnre of the Scales 
in the Cod«" 

Report Bribsh Association (Belfast). 1902 
Thomson, J. S. (1904-6) — The Periodic Growth of Scales in 
Gadidae as Index of Age 
Journ. Mr BioL Assoc , VoL VII 
Marett Tims, H. W (1905-^) — " The Development, Struc- 
ture and Morphology of the Scales in some Teleo- 
stean Fish*’ Quart. Journ. Micro. Science, Vol. 
XLIX. 

Hasp, A. (1907) — Uber das Schuppenkleid der Teleosteen.” 

Jenaische Zeitschrift Natw , XLIl 
Dahl, K. ( 1909 ) — '* The Assessment of Age and Growth in 
Fish ( Sprats and Herring*s Scales ", Internat Rev. 
der Gesam. Hydrobiol and Hydrogr Bd. 2. 

Hutton, J A (1909) — Salmon Scales as Indicative of the 
Life History of Fish " Sherratt and Hughes, 
London 

Dahl, K (1911) — “ The Age of Salmon and Trout m Norway." 

Salmon and Trout Associalionp London. 

Ferguson, J. S (1912) — “The Behaviour and Relations of 
living Connective Tissue Cells in the Fins of Fish 
Embryos, with special reference to the Histogenesis 
Anier Journ. Anan Vol XIII. 

llASE, A. (1912) — Die morphologische Kntwickelung der Kteno- 
idschuppe. Anatomischer Anzeiger. VoL 40. 

Paget, G. W. (1920) — “Report on the Scales of some Teleo- 
stean Fish." 

Fishery Investigations, Scr. II, Vol. IV, Na 3. 
Gray, J. & Setna, S. B. (1931) — The Growth of fish IV The 
effect of food supply on the scales of Salmo imdeos. 
Journal of Experimental Biology Vol. VIIL Na 1. 







Fig 14 



ON ITIE PHASICAL MORPHOLOGY OF THE THYMUS 
GLAND IN SOME COMMON EUROPEAN FISHES AND 
IN TWO CYCLOSTOMES. 

By 

b H LEIE. M,A, M 5c,Ph.P 
The Royal Imdtiute of Science, Bombay 
( with 6 text-figuros and 1 plate ) 

CONTENTS Introduction— Matenal— The Thymua in the Tdeoots 

—1 he Thymus in the Elaamobranchs— ‘The Thymus in two Cyclo- 

stomea— Conclusions— References 

INTRODUCTION. 

I he present paper on the i^hasical Morphology of the Thymus 
Gland in some Common European Fishos and in two Cyclostomes is 
based on the work done by me m the Oceanography Department of 
the Unuprsity of Liverpool at Liverpool, while working on the Phasi- 
ral History of the J hymus Ghnd in Phice of Various Ages, etc , alrecody 
published in the fifth part of the first volume of this Journal As 
indiaited m the title of this paper, this survey is not complete and 
lequires to be supplemented by an examination of the thymus ghnd 
in some more fishes, particularly specialised ones 1 he work is being 
continued by me in the Zoology Department of the Royal Institute of 
Science, Ikimbay, and its results wi'l be published in due course. 

MATERIAL 

This investigation was earned on mostly with material fixed lo 
formalui Ihe specimens were well preserved and in sections produced 
satisfactory results when stained with Mayer’s Glychaemalura 

THL 1 HYMUb IN THE TELEOSTS 

Pleurofiectes Umatvda 

( bpecimen 2+ ems long. ) 

1 he thymus in this specimen was in position and shape similar to 
that of the plaice winch has been described in detail m my paper there- 
on already publislied in this Journal It was 3 mm long, 2 mm broad 
and 1 mm thick It consisted of a few rounded and rod shaped lobules 
loosely packed together. On its upper surface it consisted of two 
rows of lobules. 

In another specimen 29 cms. long it was 6 5 mm long and 2 mm. 
broad 1 hus in both of thbse it was evidently smaller than the thymus 
in the plaice of the same length. 

B 
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in lengthy 7 mm. m breadth and 15 mm thick m the middle As it 
was applied to the curved external surface of the auditory capsule, 
it appeared less broad than it really was, when its outline was projecte<l 
to a single vertical plane. 

In connection with its histology much could not be observed in a 
series of 20|l sections of a specimen preserved m 3% Formalin Still 
It was noticed that there were no coagulum balls Its externa) margin 
was in contact with a thin layer of branchial epidermis and its internal 
margin was not definite Moreover numerous thymus cells wore seen 
m the adjoining connective tissue .all along its internal nLirgin 

The pronephros was behind the thymus by as much as the thymus 
was behind the eye Lymphocytes were accumulating in it 

In a young herring 4 5 cm long from tho same locality, the thy- 
mus measured 2 2 mm long, 1 9 mm broad and 6 mm thick in the 
middle Thus during this time it had trebled its former length and 
thickness while its increase m breadth was relatively less Now it 
□early reached the head kidney Its internal margin was quite definite 
except in the middle In the connective tissue adjoining this central 
part a large number of thymus cells were seen. Along its external 
surface underlying the epidermis a clearer area could be distinguished 
It was 06 mm thick or in other words one- tenth of its whole thick 
ness It contained relatively a less number of thymus cells and the 
interspaces were larger Inegular clearer spaces and pycnotic thymus 
cells were seen scattered throughout the thymus 

In a young hemng 12 cm long and less tlian two winters old the 
thymus measured 5 mm. long and 2 ram broad It appeared to be 
pushed out towards the epidermis by tlie underlying muscle and it 
appeared as a. small ingrowth of the epidermis in tliat region It clearly 
showed that its growth was not keeping pace with the growth of the 
body even before the fish became mature 
Clupea sprattus 

In a specimen 7 5 cm. long and three yoars old the thymus had 
completely disappeared. Its place was occupied by fibrous connective 
tissue 

Sidmo fano. 

Deanesly has recently studied the life history of the thymus in 
this fish It resembles the life history of tho thymus in Hemng Sec- 
tions were cut of a newly hatched larva of this fish and it was observed 
that the thyroid was also rudimentary as the thymus. 

CcfUrolophuA ntger 
( Specimen 52 cm. long. ) 

In this deep sea form the thymus was altogether absent. While 
swching for the thymus the lymphoid tissue of the bead kidney was 
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easily reached os the intervening connective tissue was very loose 
The head kidney looked like the thymus but in sections its true nature 
was revealed Hammar has recorded the thymus m a specimen of 
Centronatus gunnellua 12*5 cm long 

The Thymus in Elasmobranchs. 

Chtmaera tnonstrosa* 

In a specimen 70 cm. long it was found to be absent. But 
Hammar has recorded it in this species and he has stated that the 
process of involution begins in specimens of about 75 cm. length 

Rata maculata, 

( Specimen 18 cm. across the body ) Text-P'ig 3 

The thymus of each side was situated in this specimen on its 
dorsal side behind the spiracle and on the mesial side of the gill 
pouches When the integument in this region was removed a layer 
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Thymes of maculta. A, Dissection of 18 cm. wide specimen exposing 
the thymus on the left tide. B, Part of the tliymus exposed on removing the skin 
and canneedve tissue. 

of about 15 ampnllary tubules was seen lying in the underlying loose 
oonnective tissue. When the tubules were removed a port of the thymus 
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was exposed between the lateral sensory canal and the giU pouches. 
The remaining part along the gill -pouches was covered by a paddle- 
shaped muscle whose tendon passed straight to the anterior margin of 
the snout by the outer side of the spiracle When this muscle was 
removed the roughly triangular dorsal surface of the thymus was fully 
seen Its outline was modified so as to fill in the space among the 
surrounding organs. On its mesial side it closely followed the sigmoid 
curve of the lateral sensory canal and on its external side it pushed its 
way between the gill-pouches. Between its anterior side and the spiracle 
was seen the stout levator mandibular is muscle. When it was separated 
from the surrounding parts it was seen tapering to an edge on the 
ventral side. It thus roughly resembles an elongated prism. All along 
its surface it consisted of rounded lobules closely packed together 

When the connective tissue enclosing it was removed it was seen 
to be made of five lobes. These lobes corresponded to the gill -pouches 
but their margins alternated with the margins of the pouches. 

It was 19 mm long and 7 5 mm broad In a specimen 26 5 cm. 
across the body the thymus was 16 mm long and 7 mm brood 

In a specimen 34 cm across the body the thymus was so well 
developed that its dorsal surface, instead of being flat as before, now 
bulged out between the lateral sensory canal and the rostral levator 
muscle The latter now occupied a trough between the thymus and 
the giU-pouches The thymus was 22 5 mm long and 10 5 mm broad. 

Rcua davata. 

In this fish the thymus occupies the same position and has 
the same shape as that in the former ray In a specimen 9 cm across 
the disc It was 8 mm long and 3 3 mm broad In a specimon 20 cm 
across the body it measured 11 mm long and 5 mm. broad, and in a 
specimen 49 cm. across the body it was 28 mm long and 18 nun. 
broad The connective tissue covering it was fibrous and the levator 
rostn moscle was shifted towards the giU-pouches. It appeared to be 
proliferating at the edge but its microscopic study showed that it was 
really involuting. 

Acanthias vulg^ns. 

( Specimen a foetus 19 cm. long. ) 

The foetus had a yolk-sac, as large as itself, attached to it. Its 
thymus ( Text-Fig 4 ) was situated on each side immedately below 
the lateral Ime m the region of the gill-slits. When the skm was 
removed it presented on ellipsoid area made of numerons small lobules. 
Some of the lobules were elongated but most of them were rounded. 
They appeared to be arranged m parallel rows running between the 
lateral line and the gill-slits. It measnred 11-3 mm. lox^ and 4-3 mm. 
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broad. It was comparatively very thin as it consisted of a single layer 
of the lobules 



Lateral view of a foetal Acantbaa vulgana 19 cni& long showing the thymus 
on the left side 


In a foetus 21 mm, long (Text-Fig 5 ) the thymus was repre' 
sented by six rudiments on each side at the dorsal ends of the gill slits 
The foetus was very young as its eyes were represented by optic 
vesicles seen as lateral out growths in front of the spiracle or the most 
anterior gill-slit The fore-brain bulged out ventrally between the 
optic vesicles On account of the cranial flexure the mid brain formed 
the anterior end of the long axis of the foetus, 1 he mouth was a deep 
diamond-shaped pit behind the fore-brain. Filaments of external gills 
were seen coming out of all the five gill slits. The pectoral and pelvic 
fins were represented by tiny lateral flaps. 

In Text-Fig. 5 the positions of the thymus rudiments are shown 
in the dorsal view of the foetus. Their outlines were reconstructed 
from a senes of 20p. transverse sections. The first thymus rudiment 
on each side was in connection with the dorsal edge of the spiracle and 
was situated midway between its external and internal openings It 
was like an elliptical plate thickened in the middle It partly covered 
the dorsal edge of the spiracular shl and chiefly spread down its pos- 
terior wall In a longitudinal section of a foetus passing through it, it 
was like the root-cap seen in a longitudinal section of a root tip In 
sections the area of the thymus rudiment was marked by the absence of 
the basal membrane between the hypobhstic epithelium and the sur- 
rounding conuective tissue Moreover the thymus rudiment (Plate I, 
Fig 1) or the part of the epithehiun was thickened and consisted of rouzxl- 
ed, loosely packed cells unlike the columnar closely packed cells of the 
surroundmg epithelium. In sections the surrounding epithelium was 
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seen to have thickened but it may have been dne to tto sections being 
not quite transverse to it. 

In a specimen 70 cm. long the thymus was quite vestigial 
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Scutum camcula. 


In an embryo 8 cm long (Text-Fig 6) the thymas was well deve- 
loped and consisted of two lobes lying dorsal and just anterior to the 



Lateral view of an embryonic Dogfish 8 cm. long showing the thymus, 
first two branchial arches respectively. The first lobe was larger and 
longer than the second Doth of them were very close to each other 
at the dorsal end Each of them consisted of a few lobules. 

In a dogfish about 70 cm long the thymus was quite inconspicu- 
ous. When it was sectioned with its surroundu^ connective tissue it 
was found to be reduced to a few minute lobules from which a large 
number of tbymus cells bad emigrated and left vacant spaces behind. 

The Thymus in two Cyclostomes. 

Lampeira fiuvtaitlts 
( Specimen a larva 6 5 cm. long. ) 

This specunen preserved m methylated spirit was secured from 
the British Museum ( Nat Hist. ) through the courtesy of Dr J. R. 
Norman. In this specimen ( Plate I, fig 2 ) the thymus was represent 
ed by a pair of irregular nodules of the thymus cells situated m the 
neighbourhood of each of the external branchial pores. One of them 
was dorsal and the other was ventral to the latter. Immediately ex- 
ternal to the nodule there is a laige blood sinus and the thymas cells 
appear to form a part of the contents of the blood sinus. But a good 
differentiation was obtained by staining the sections with Glychaema- 
lum, which proved their distinctiveness. As this senes of sections was 
not complete the number of such nodules forming the thymus mdiments 
could not be determined But Schaffer has stated that all branchial 
pores have similar pairs of nodules and therefore the thymas m the 
larva of this Lamprey consists of twsnty-ei^t nodolea. 
w 
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In a Brook Lamprey (Lampetra planen)i 7 5 cm. long the 
thymus was absent. 

CONCLUSK^ 

The present survey of the thymus gland of fishes deals with spe- 
cies representing the large morphological divisions of fishes. Thus 
it includes notes on the thymus of some of the round bodied and flat- 
tened bony fishes, some Rays and Dogfishes, a Holocephalian and two 
Cyclostomes It also includes a reference to a deep-sea form. From 
the condition of the thymus observed in various fishes at various stages 
of their life histories it is evident that the organ is present in all fishes 
but that the organ has a variable origin and a variable duration in 
different kinds of fish While in the Rays the tliymus rudiments are 
seen in connection with all the five gill pouches, in some Dogfislios il 
13 confined to the first two gill-pouches only Similarly while the 
thymns is completely reduced at or before the time of maturity in 
Hernia and Trout, it continues to grow in Rays and Flat fishes, and 
also ID Cod This suggests that no correlation conld be established bet- 
ween the involution of the thymus and the maturity of the gonads in 
fish It further suggests that m some fishes like Rays and Flat-fishes 
the thymus continues to be active and functional beyond the tune of 
their maturity. 

When the si7^ of the thymus in various fishes is considered it 
strikes one that the organ in flattened and sluggish fishes like the rays 
and flat-fishes is more devebped than m the round-bodied and active 
fishes. 
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Plate I, Fig 1 

Tnnsversc section of a foclil Acanthias vulKaiis21 mm long, 
passing through the thymus rudiment nf the third giih&lit 
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Plate I, Fio 2 

Transverse section of a larval Lamperta fluvutilis b 5 cms. long, 
passing through a branchial pore on one skIc 




STUDIES ON THE HONEY BEE, APIS INDICA^l 

By 

MJ PRESSWALLA, EA.,aSc. 

{Department of Biology^ Wilson College^ Bombay , ) 

( 4 Text-figures and 4 Photographs ) 

Mrodiidion and Historical Background. 

A study of the indigenous honey bees has been undertaken at the 
sug^tion of Professor C. J. George, and though tbo work will take 
many years for completion, 1 have no hesitation to publish the follow- 
ing few observations m view of the interest they will create in Apicul- 
ture in the Bombay Presidency. I take this opportunity to recotd my 
indebtedness to Dr. George for offering me his valuable guidance in 
pursuing this study. 

Apiculture as a side line industry to Agriculture is practised in 
many countries. In some of these countries the industry is carried out 
on a large scale. Figures are not available on the output of honey for 
all these countries, but it is well-known that thousands of tons of 
honey are exported by Canada, Australia and the United States of 
America. Though the possibilities of apiculture in India have received 
the attention of Government as early as 1883 when, as a result of an 
enquiry, the Government of India published the replies from local 
Governments under the title “ A Collection of Papers on Bee-keeping 
in India", the industry is still in an infant state in India. One of the 
early attempts at culturing bees on scientific lines was made by the 
Agricultural Research Institute, Pusa. In 1910 and 1911 the Institute 
imported some colomes of the European bee. Later Mr. T Bainbngge 
Fletcher, Imperial Entomologist, published two articles on bee-keepmg 
in the Agricultural Journal of India, Vol VI, Part IV. A further 
consolidated account came out in 1914 os Bulletin No. 46 of the 
Agricnltoial Research Institute, 

During the years 1911-1916 Father Newton, S.J, conducted 
trials on the cultivation of the Indian bee Apis indica Ilis results 
were published in an article m the Agricultural Journal of India, 1917. 
The Department of Agriculture, Mysore, began the study of apiculture 
with the Indian bee about ten years ago and have made good progress 
Mr. J. S. Baldry attempted culture of the Indian bee at Narsapnr 
during 1926-1929. The account of hia experience was published m 
the ** Illustrated Weekly of India ", dated 7th December 1930, 28th 
Deoonber 1930, 15th February 1931, and 22Dd November 1931, 
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Recently the Rural Reoonstraction Brandi of the Sonth Indian Y. M. 
C. A. has taken up apiculture ( culture of Apts tndtoa ) with a view to 
popularize it among the Indian farmen They have their centres at 
Coimbatore, which is subsidized hy the District Board, and at 
Marthandam ( Travancore ). The cultivation of the Indian bee has 
also been attempted at the Agricultural College and Research Institute, 
Coimbatore. 

Outline of the Habits of the Indigenous Species of Apis, 

There are three species of Apis in India , — Apts dorsata. Apis tndtca 
and Apis fiorea. In some of their habits the three species resemble a 
good deal, though the comb buddu^ and nestmg habits ate very 
different. 

Apis dorsata ( Fig. 1 ) is the biggest of the three and is primarily 
a dweller of the forest. The Western Ghats afford ample fovoniable 



Pig.1 A^dwaabFabr (worker) 

ground for it. It is usually known as the ” rock bee”, and buiUe its 
hive on high situations, and the shelter from an overhanging cliff is a 
very favourite haunt for it. It always keeps its nest a certain hei^t or 
more from the ground, thirty feet beuig the lowest noted so far in this 
part of the country. Each colony has only a single enormous comb. 
The average size of a comb is about 18" x 18", though combs of 39* x 
18* are on record (Gosh— Rept Third Ent. Meet., Pusa, 1919). 
The cell measures roughly i of an mch in diameter and is iV of 
an inch m deptL The bee is very efficient on the wmgs and can fly 
npto 300 yar^ at a stretch. Its long abdomen acting like a rodder 
adAa to the efficiency ot flight. When irritated it is ferooons and 
fjnimnla and btunen beings dfsad it, 
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It IS believed that Apts donata has a migratory habits living in the 
hills daring the Sommer and migrating to the plains id the rainy 
season. This record under careful scrntiny does not seem to be 
authenticated. A hive of this insect has been in existence under the 
eaves of the Wilson College continuously for the last two years. A 
second swarm which settled early in June last is still continuing in 
Bombay though the Summer has set in. The belief also proves 
unreliable when we analyse the conditions absolntely essential for such 
a migration. In the first place it must be credited with the power of 
antiapating the coming chaise of weather. There are no grounds to 
make sach an assumption. Farther the workers and the queen will 
have to fly a long distance m order to reach either destination, and 
even a six-months old queen will be unable with her heavy abdomen 
to accomplish that feat. 

Apisflorea ( Fig 2 ) the smallest of the three species, builds its 
nest at lower heights than does Apts dorsafa, but Lke the latter it builds 



Pig.2. i4^/2arMFabr (worker) X 66 

single combs. Its comb does not measure more than 6"' x 6" Each 
cell is only of on inch in diameter and /o of on inch in depth, 
or just half that of Apts dorsata It is a poor honey gatherer but its 
honey has a fine taste It is a poor flier, much less efficient than 
Apts donata and Apts tndtea It has been found that it is subjected 
to attacks by a mite. 

Apts tndtea ( Fig. 3 ) is intermediate m size between Apts dorsaia 
and Apts florea. It builds its hive at lower heights than Apts dorsaia. 
It inhabits hollows or crevices on trees, walls or some masonary con- 
BtmctiQQs. Like Apts mdltficaj the European species, it builds 
parallel pomba and u therefore thoroughly suited for domesticauon. it 
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Pig 4. An artificial box hive, ( detached ) 

A.— The basal piece showing only two of the seven movesUe frames, 
m. fr , moveable frame, br c., brood comb i b.» foot board, ent, 
entrance to the hive. 

B«— The middle piece showlDg only two of the seven fraooes. n. fr , 
moveable frame. 

C —The top piece with its ventilations, viu venttlatioo 
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E\FLA\A1H)\ of THh Pl^te. 

1 ^n exi^triioent il bee hi\e kept in the t'lardens, 

lIomb.iv 

rboto^ripli ^ fht tbrf< picros of llie arlilu ul lii\e 
l^hoto^ra])b 3 One of the mo\eab]t fr Lints, u illi buxxl comb, pulltd 
out of the hi\o 

J'boto^rapb -f \ l>pir.il comb of Apis nttlna, wwh lie workers 
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the hive and bears on its walls small round ppoorngs ( wk ) dosed 
with wire nets for aeration. The wire netting prevents the bees bom 
passing throogh the opening at the same time offering sufficient ventila- 
tion. A hive of this kind could be made for Rs. 5/. 

On all the moveable parallel frames the bees construct readily 
their wax combs. The larger lower combs ( Fig. 4 A. 6r. o. ) are 
utilized as brood combs with their supply of brood honey and pollen, 
while the upper combs are used for the storage of surplus 

honey. 



THE CHROMOSOMES OF POECILOCERA PICTA, FABR. 
(A short'liorned Rrasshoppcr) 

By 

] J ASANA 

Gujarat Coiltgt, AhtnedeAad, 
and 

S. MAKING 

Hokkatdo Imp Umverniy, Sapporo, Japan. 


IrUroductton. 

Since the beginning of this century male germ cells of Orthoptera, 
particularly of the short-horned grasshoppers, Acndidae, have furnished 
very favourable material for chromosomal studies In Acndidae more 
than in any other group of insects it has been demonstrated by a host 
of investigators amoi% whom Dr. McClung ('14) and his associates 
have been most active that a remarkable constancy of numbers, forms, 
size and behaviour exists in the chromosomes of a very large number 
of representatives of this family of short-homed grasshoppers. 

Since 1928 one of us, Asana ('28, '30, '31), has been observing a 
remarkable deviation in chromosome numbers m some representatives 
of Indian grasshoppers of the sub-family Pyrgomorphinae of the fami- 
ly Acrididae, and a preliminary account of the chromosomes of an 
Indian species Poecilocera picta is presented herewith 

Matenal and Method. 

The followmg observations are based on testes derived from 
nymphs in all stages and adults of P picta collected from the fields 
adjoinmg the Gujarat College, Ahmedabad. Large numbers of these 
insects are found feeding on the leaves of Calotropis and the common 
hedge plant, Euphorbia, late in the monsoon. The youngest nyraidis 
appear in the field two times in a year, once m April, and agam m 
October or early November. 

Specimens were decapitated or killed by pouring a little xybl on 
them soon after they were obtained from the field, testes quickly dis- 
sected out and subjected to a variety of fixabves, of which Champy’s 
mixture, weak Flemming with reduced glacial acetic acid or just a 
trace of acetic, and Benda’s fluid seemed to be the roost fovourable for 
chromosome studiea Sections were cot 10 to 15 micta thick and 
stained with Heidenbain's uon tMamni/wyim. 
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OBSERVATIONS. 

1. Spermaiog/oma The thromosomes of the spermatogonial 
metaphaae are all rod-shaped, straight or slightly curved (Fig. l). 
They arrange themselves radially in the equatorial plate, forming a 
typical rosette. In sections from well preserved material the homolo- 
gous mates are easily recognized The diploid number of chromosomes 
as seen m the spermatogonia of this species is 19, 9 pairs of which are 
to be regarded as autosomes, the remaining one is the X-chromosome 
or the accessory chromosome functioning as a sex determinant. This 
unpaired accessory can be easily recognized by its rough contour, and 
it IS rather narrower than the autosomes. 

According to McClung (^14) the diploid number of chromosomes 
m several numbers of Orthoptera belonging to the so called Hippicns- 
type appears to be 23 While 19 chromosomes as the diploid number 
have been reported in a few species only, for instance, in Atractomor- 
pha (Machida, ^17) and Pamphagus (Granata, 'lO). As compared with 
those of the Hippicns type, the chromosomal complex as seen in 
Poecilocera, Atractomorpha and one or two other species is devoid of 
4 dot-like chromosomes. 

2« Pntnary spermatocytes The chromosomes of the primary 
spermatocyte metaphase at the first maturation division (S. C.), are 10 
in number which are composed of 8 ring-tetrads, 1 rod*tetrad and an 
accessory or a sex chromosome (Figs. 2-3) The accessory is always 
situated m the central part of the equatorial plate surrounded by other 
diromosomes. In this reduction division the antosome tetrads are all 
divided into two equal halves, each half assuming a V-shape, while the 
sex chromosome goes undivided to one of the two poles of the spindle 
slightly ID advance of the batch of the V shaped halves going to the 
pole towards which the accessory proceeds, as is shown in the tangen- 
tial view of the spindle (Fig 4). 

3. Secofidary spermatocytes at tht ineiapihast As a result of 
the asymmetrical first maturation division as seen in the above-men- 
tioned primary spermatocytes two kinds of secondary spermatocytes 
appear at the metaphase of the second maturation division (Figs. 5-6). 
One group consists of what may be called X-class secondary sperma- 
tocytes each of which contams the accessory or sex chromosome 
besides 9 autosomes, thus having in all 10 chromosomes. In the 
other group of secondary spermatocytes the accessory or X-chromo- 
some IS absent. Cells of this second group contain only 9 antosomes 
The chromosomes as seen in this second maturation division are all 
V-^ped at the metapbase, each V-shaped chromosome consisting of 
two rods superimposed at their inner ends where the spindle fibres 
areattachedL 

Throughout these two maturation divisions the accessory chromo- 
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90 IM shows a chanetarlitie tatoie in that h doaa not gat as iotoniely 
staiaad tv tho dpa as tba aotosamat; it ahows oopipanttivialy difltaaa 
stauuog. 

We are gceatljr iodd)tad to Prof. Dr> Kan Qgimia to whom we 
wish to express oar sinowe appreciation for his great interest and 
helirfnl criticism m this study, 
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1, spermaLogonlal metaphase, IM chromosomes, 2-3, primary spemn- 
tocyte meLaphascs, 10 tetrads, 4, side view of first division, 5, secondary 
spermatocyte metaphase, X-cIass, 10 dyads , b, the same, no X class, 9 
dyads X, the sex chromosome 




THE PROTRUSIBLE VESICLES IN CYRTACANTHA 
CRINAE ACRIDIINAE ( Orthoptera ) 

By 

V P VARDB. 

Professor of Btdogy SatneAdas CoUegfi Bhavnagar 
Introduction 

The writer discovered these vesicles for the first tune in 1929 m 
Anacridinm oegyptimn Anatomical studies since then on other 
Acridiinae have shown that the vesicles are present in all the speamens 



FIf 1 The posterior ead of the ebdomea of Aaafnifaoii ^ fcmele 

seen frarn the ventnl aspect the sul^g eoltal plate lifted qp and tte body 
tilled to one aide to show the orlfloes of the eesiclei (V) and that of gpnopore 
(0) S p.athe opening oivennatheca a gjaaiib genital plate o ifiMmiiral 
vahw of oripoailofa I a aupOTknal vahragol nvipoaitm X B 
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and that thnr praaance may form a diatmct aab-family 

character 

The specimens examined are as follows - 

1 Atiaondfum aegy^tunt, L 

2 Calht*omua tialtout, L 

3 Paotettix gtornat, ( Rossi ) 

4 Schtttocerca paranenats, FOrsk 

5 S gregana FOrsk 

6 Patanga auoancta L 

7 Palaotoaa khandelenait, Bolivar 

8 Podtama sp 

The anatobiy of the vesicles — 

The vesicles in question are situated, one on each side of the 
gcmopore, m the membranons area between the 8th sternite and the 
bise of the ventral valves of the ovipositors Normally they are 
hidden from view beneath the sab gemtal plate of the 8th stemte 
( Figa 1 and 2 ) Each vesicle has the form of a blind membranous 





Fig 2 . The me as the figure first seen frao lateral aspect, the ventral 
valves of ovipositors partly diasected to show the opening «f apennatheca od 
sovidact The rest u in the fig 1 X8 

pouch projecting into the body cavity on either side of the gonoduct 
and attached to mnscle bands which ate userted into the wodsme of 
the 8th stermts ( Figs 2 and 3 ) 

The histolagy of the vesicles — 

A kmgitBdiiiBl section of the wall of the vesiclet aider etadyi 



PROTRUSIBLE VESICLES IN CYRTACAMTRA-CRINAE-ACRIDIINAE 55 


shows the following stroctores from withoot inwards ‘ — 

1. A thin noncellnlai layer of chitin. 

2. A hypodennal layer and, 

3. A very thm layer of the basal membrane. 



sn 

Fig. 3. The posterior extremity of abdomen of gunMu 

Expbmatioaa as in the fig 1 XIO 

The chitinoos layer which is formed by the secretion of the 
hypodermis, is pierced through by a number of fine canalicoles or 
docteoles with chitinous luung ( Fig. 5 C ) The chitinous layer is not 
of uniforui thickness ; towards the bottom of the pouch it is somewhat 
thiimer than dsowhere ( Fig. 4 ) 



Bg 4. A poitloo ol a locigltiidimil section of the ovidiictofy veakle, 
membcane; c-eacenaUcule, Lschbinotte layers, in.sinuacfe hand, 
njCiganudeus of a l^podeniial oelU m g.ainicleaa of a glandular ceO, 
•ectetkiOsV. c^coOeeUngveiricale» X37& 
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The hypodermis is composed of elongated cells eadh containing a 
large, irregular more or less spherical nudeus with a large number of 
chromatin grannies ( Fig 5 nc, ) The cytoplasm of the hypodermal 
cells shows a reticular appearance after fixation. The basal membrane 
of these cells is extremely thm. 




Fig 5. One of the hypodemul cdls sunnonnted by a oelL 

Explanadona as in the Fig 4 X 1075 

In between and at the base of the hypodermal cells are found cer- 
tain typical g laTvinlar cells With u large nucleus c ontaining chromatm 
granules. The cytoplasm of the g la nd u lar cells when fixed with 
common fixatives shows a fine granular structure. Each of tbeso 
cells contains a form of a small vesicule ( Fig 5 Vc. ) which collects 
the secretory product of the cell and passes it on mto the cavity of the 
pouch along the path of the canalicnle ( Fig. 5c} 

The Homology of the Vesicles — 

Similar type of vesicles— Coxal vesicles— are described by OUDE- 
MANS (1888) in Thysanuia. Larvae of Agsfirsftca aim and Melaaoma 
popult also possess sunilar vesicles, but in then: case the tuigidity of the 
organ is followed by ejection of blood (reflex bleedmg). 

The vesicles of the type described above are also found in Or- 
thoptera in general. CUENOT (1896) finds a veaicla at the base of the 
elytra of Gphtpiggar brunen. VOSSELER (1903) describes a vesicle 
situated under the pronotum of OedaUm a$negaleHsta and a similar one 
near the arhcnlatiOD cf coxae in Bttgaalar guyotii. HOLLAMDE 
(1926) also descnbea certain vesidas of reflex Mndlng in Eugfutar 
^nwfosws. 
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The vesicles cf AcriduDae are. however, associated with the 
genitalia of the female only. Morphologically they may be considered 
as homologous with the coxal glands of Thysanura. But then they are 
found only in Acndiinae Physiologically they may possibly be similar 
to the lateral saccules found m the female Bomhyx morf.'Vhere the 
secretion is ejected at the tune of copulation They are therefore con- 
sidered as odoriferous organs which attract the male. 

Resutni — 

(1) Glandular vesicles are present one on each side of the 
gonopore of Acridtmae. 

(2) Tlie vesicles are protrusible. the movement being controlled 
by a set of muscle bands attached at one end to the base of 
the pouch and at the other end to the apodeme of the 8th 
sternite 

(3) Histological studies indicate the glandular nature of these 
vesicles. 
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STUDIES IN INDIAN PUFFERS OR GLOBE FISHES 
II. THE BLOOD VASCULAR SYSTEM OF 
TETRODON OBLONGUS (Bloch). 

By 

P R AWATI, [. E S. & D WANAN BAL. M Sc 
Royal Institutt of Sctmce, Bombay 
The vascular system ( Figs. 1, 2. 3, 4, 5, 6 & 7 ) of Tetrodon 
obloDgus consists of the heart, arteries, veins and capillaries, through 
which the blood is propelled forward in a definita direction by the 



Fig. 1 —Ventni Vitu cf ttm Umti tf T dbmgiu. 


Af Br A — Afioent Branchial Artery, Aur.— Aarlde , B. Av— Bulbus 
Artenoua C D — Cuvierlan Duct V. Ao.->Veiitral-Aofta Ven.->VeiiMde. 
1 , 11 ,& 111 -'Afferent Branchial Arterlea 
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rhythmical contxacttona of the heart. The coarse of the blood may 
diagrammatically be represented as follows — 


Sinus Venosus 


Ductus Cuvieri 

I 

Verna 

I 

CapiUanea of ^ the Tissues 
Arteries to the body 
Epibrancbial arteries 

I 

Efiforent branchial arteries 

^ Capillaries 

The circulation of blood can 


Auricle 

I 

Ventricle 

I 

Bnlbus Arteriosus 

I 

Ventral Aorta 

I 

Afferent branchial arteries 
the gills" 

described under diRerent foUow- 


mg heads:— 

1 Heart —The heart (Figs. 1 & 2) in Tetrodon oblongns 
consists of the sinus venosust the auricle and the ventricle and is 
surroonded by the thin pericardium. The heart nearly fills the 
pericadial cavity which is closed o9 from the abdominal coel(^ by a 
fibrous transverse septum. 

Stfius venoume — The sinus venosus ( Fig. 4 Sin. V. ) is a thin 
walled transversely elongated chamber placed at the base of the 
pericardial cavity. The large vems opening into it are the paired 
cuvienan ducts ( into which open vessels from the anterior as well as 
posterior regions of the body }» the paired subclavian and lateral veins, 
and the unpaired hepatic and inferior jugular veins. The sinus 
venosus together with the cuvierian ducts forms a horse-shoe shaped 
stmctura with the ends pomtmg dorsalward. It encircles the oeso- 
[diagus ventrally and laterally. 

The smus venosus communicates anteriorly with the auricle 
through the sinu-auricular aperture ( Fig. 2 Si Au. Ap ), situated in 
the middle of Its ventral wall. This opening is guarded by a val\c 
( Fig. 2 Su Au. V.), consisting of two membranous flaps (lips) anterior 
and posterior in position. This valve prevents the backward flow of 
blood from the aoncle into the smus venosus during the contraction 
of the former. 

ABnc/ 0 .— The auncle (Aur.) is a very irregularly shaped 
structure. It lies on the left side of the ventricle and extends slightly 
on its anterior and posterior sides and encircles it on both the ventral 
and dorsal sides. The wall of the auricle is thicker than that of the 
sinus venosus and is strengthened internally, especially on its dorsal 
and ventral portions by interlacing muscle bands, the muacoli pectinati 
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( Pig. 3 M. P. ). It IS soparatfld from the ventricle by short horizon- 
tal anricalo-ventricular constnction. In the latter is ntoated the 
auricnlo-ventriciilar oriAoe ( Fig. 2 An. Ve. Ap. ) throng^ which the 
auricle opens into the ventricle. It is guarded by a pair at vertical 
semilnnar pocket-shaped valves, one anterior and the other posterior 
( Fig. 2 An. Ve. V. ). They are m«nbranous flaps which project into 



Fig Z—ThtSiart(fT oblonsm dcoK Mifn m Ptt Ptniral mfaa. 

An. Ve Ap.— Auricule-Ventncular Aperture, An. Ve V.— SemDuear 
Fodiet-ihaped vahrea, Cv — Semilonar Valves, % An Ap — Siananrleular 
Aperture. , SL An. V — Slnu-aurlcular Valve. Ranaining lettera aame a In 
Flg.1 

the cavity of the ventricle) with the cavities of the pockets facing the 
ventricle. The mechanism of this kind of valves consists of the 
pockets being swollen out by the blood flowug into them and thereby 
closing the orifice. 

VtnincU .—The ventricle (Ven.) is antero-posteriorly enlongated 
cyhttdrical stmctnre, sitnated scanewhat ventral to the auride. Its 
posterior portion as already mentioned, is partly eadosad by the 
anpcle, The walls of the vwtricle are very thick and mnsiYilar and 
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ars produced intmally ioto ndges — the ooliiiniiae carnae (Pig. 3 
CoL C, ). The latter redoce its Inioen to a considerable extent and 
give the ventricle a spongy texture. The structure that follows the 
ventricle is the Bulbas Arteriosus which is nothing but a greatly 
dilated basal end of the ventral aorta. Between the ventricle and the 
bulbus ortenosns there is a deep constriction or farrow which appears 
to indicate the remains of the conns, since in this region there is a pair 
of Bwmilnnar valvss (Fig. 2 Cv.) located one above the other 
dorsoventrally. They guard the opemng of the ventricle into the 
bulbus. They ore pocket-shaped and have semilunar edges. Their 
cavities point towards the bulbus artermsus. 



Fig.3 —7>aiuv«mSieBonqf1hiHiai^T.ebloHgmpasihigtliroii^ti$Atinet$ 

end Vstifnei*. 

GoL C — Colmnnar Camae , M P — Moseuli PectinatL Remaining letters 
same as In Figs. 1 & 2. 

BuUms ariertotut : — The strocture of the heart of a higher 
Teleost deviates generally from that of a lower Teleost and other 
like the Elasmobranchs as far as the region of the conus is 
concerned. The lower Teleostomes ( such as the Chondrostei, 
Polyptenni and Lepidosteoidei ) possess a well developed muscular 
and contractile conus which is a oontmuation of the distal end of the 
ventride. In the higher Teleostomes (such as the Teleostei) on 
the other hand, the conus is reduced and is replaced wholly or partially 
by a non-contractile and non-mascular structure called " The bulbos 
Arteiioens “ ( B. A. ). Thus the bulbus arterioas does not constitute 
any part of the heart but it Is sunply a swollen ptoaomal or basal part 
of the vestnl amta. The latter is greatly ewtdlen at its ocigu from 
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tho vantride and its mterzial surface is produced into loagitodinal 
folds. Its walls as well as the folds are composed of the fibrous 
connective tissue without moacle strands. 

Venirdl Aorta — ^The bulbus arteriosus is followed by the distal 
port of the ventral aorta ( V. Ao. ) which runs along the ventral sur- 
face of the pharynx and between the ventral extremities of the gill 
arches. It is a non-contractde and tabular structure and its walls are 
composed of fibrous connective tissue It gives nse to three afferent 
branchial arteries ( Af. Br A. ) on each side. 

Th€ Afferent Branchial Artertes * — The first pair of the afferent 
branchial arteries is formed by the biforcation of the ventral aorta 
Itself and supplies blood to the first pair of gilJs. Each of them runs 
along the outer grooved surface of the first branchial arcbi supplyu^ 
blood through numeroua branches along its whole length to the anterior 
aid posterior gill lamellae of the first holobranch. The second and 
third afferent branchial arteries of each side seem to arise from the 
common vessel arising from the ventral aorta at a little distance 
behind the first. This common vessel is divided internally by a fine 
septum mto two branches almost at its origin but externally it appears 
to be continued as one for an appreciable distance where the two 
afferent arteries diverge from each other. The second and third 
afferent arteries of each side run almost parallel with the first of that 
side along the grooved surfaces of the second and third branchial arches 
respectively 

The function of the heart is to pump the blood to the gills. This 
pumping of the blood is effected by the rhythmical and successive 
contractions of the heart. These contractions are effected by muscle 
strands of the mnscular tissue of which the heart is made. The con- 
traction of the different ports of the heart takes place m a regular 
order ; first the sinus, then the auricle and ventricle and finally it ends 
ID the bnlbos or ventral aorta When the sums venosns contracts, 
the blood, brought to it by the veins commg from different parts of 
the body, is forced forward into the auricle through the sum-auricular 
aperture. But the blood is prevented from running backward mto 
the ductus cuvier smce the latter, being always full, is under a higher 
pressure than what is obtamed in the auricle The two membranous 
flaps which form the smu-auriculor valve, prevent the backward flow 
of the blood from the auricle mto the sinus when the former con- 
tracts in its torn and drives the blood mto the ventricle The two 
semilunar pocket-shaped valves in the ventricle act likewise and 
prevent Idood from flowing back into the auricle when the ventricle 
contracts. During the contractiOD of the ventricle, the blood passes 
into the bulbus aitenosua and tbence into the ventral aorta. There is 
a pair of semilanar valves at the opening of the ventricle mto the 
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bolbus arteriosus and any return of the blood into the ventricle is 
made impossible by the presence of these valves. The blood then 
passes into the three pairs of afferent branchial arteries in order of 
their origin and is taken oltimately into a great nomber of lamellar 
capillaries of the gills where the oxygenation of the blood takes place 

The Afferent Branchial Ariertes — The aerated blood from the 
several gill lamellae is collected by a set of efferent capillaries into three 
pairs of blood vessels called ** the efferent branchial arteries ( Fig. 4 
Kf 6r A. ) corresponding to the three afferent branchials. There are 
only three such arteries on each side ( smee the foorth efferent branchial 
artery has disappeared along with the disappearance of the fourth gill ). 
It should be noted here that the blood from the two demibranchs of 
each branchial arch i.e , from a single holobranch is conveyed to the 
lateral dorsal aorta of each side by single efferent vessel unlike that of 
the Dogfish in which a loop is formed in the gill region. ISach effe- 
rent branchial artery is continued dorsally towards the lateral dorsal 
aorta ( L. Aa ) of its side os the epibranchial artery ( E. Br. A. )• 
The three epibranchials of each side form the lateral dorsal aorta of 
that side. The paired lateral aortao thus formed unite posteriorly on 
the dorsal side of the cesoplmgus and form the dorsal aorta ( D. A. ). 
Anteriorly they run towards the base of skull as the common carotid 
arteries which will be described in connection with the head arteries. 

The Arteries of the Head ( Fig. 4 ) — The common carotid artery 
( C Car. A. ) which is the anterior continuation of the lateral aorta 
divides into the external and internal carotids 

The external carotid ( Ex. Car ) is termed as ^ Orbitonasal ” by 
Alien, Nils Rosen and other authors. It runs forward along the 
ventral surface of the skull and extends right up to the anterior end 
of the head. On its way it gives off several branches supplying the 
eyes, eye-muscles, nostrils eta While the internal carotid ( 1. Car. ) 
after running for a short distance enters the parasphenoid and meets 
its fellow from the other side and thus forms the "Circolus Cephalicus”, 
the characteristic structure of the Teleosts ( Cir. C ). 

A pair of arteries is given off both anteriorly and posteriorly from 
the circulos cephaheus at the place of the union of the two internal 
carotids. The anterior pair forms the Optic arteries ( Opt. A. ) and 
the posterior, the Cerebral arteries ( Cer. A. ). The Optic arteries 
have a very short common root since they soon diverge out from each 
other. Each of them, then, passes out towards the eye of its aide 
along the corresponding optic nerve and enters the retina along with 
the nerve. While the Cerebral arteries arise like the optic arteries 
but on the opposite side from the circulus cephaheus. They enter the 
cranial cavity through the parasphenoid and then they separate out 
immediately after their entrance into the right and left cerebral 




A B. A. 2— Artery to the Air Bladder from the Sabdivian artery , 
A B. A 3->Aitery to the Air Bladder from the Doraal Aorta » A. 
dean Artery , Af Br. A —Afferent BranchlBl Artery , Af Pk. Br A —Afferent 
Paeudo-branchial Artery , Ant Cer A —Anterior Cerebral Artery , Aur — 
Auride , B. A — Bnlbus Arterioaua , C A.— Caudal Artery , C Car A.-"-*Com 
SDcm Carotid Artery, Cer A— Cerebral Artery, Or C— Cbculua Cqahalicua, 
Cm A — Codiaco Meaenteric Art^ , D A.— Doraal Aorta , E.— ^e ; E 
Br A.— Epibranchlal Artery , £( Br A —Efferent Branchial Artery , £1 Pa. 
Br A.— Efferent Paeudotenchlal Artery , Ex Car— ExtenttI CaroMArtery, 
L Car — iDtemai Carotid Artery , L. Ao.— Lateral Doraal Aorta ; M. Ant dr 
A —Median Anterior Cerdiral Art^. M Poet Cer. A.— Median Poatcrior 
Cenbral Artery, Mn. A.— Mandibulai Artery, Noa.-*Noetrfl , Op. A.-^ 
Op&hidmlc Artw , A«— CMcArte^, Or A.— Orbital Artery, 

Cer. A.— Poeterlor Ceretal Artoy, Pa Br— J^MdsAewiel: R A. Ln- 
Arterlea to Kklney from the Sahara Artery, R. A. 2.—Arterlea to the 
Kidney directly from the Doraal Aorta , Sd A.— Stibclivlan Artery ; Sin. V — 
Sinua Venoaua, Sp A.— SpbudlB Artery, V Aa— Ventral Aorta, Veo — 
Vemrlde , VemF A— Art^ to the Ventral Fin, Ver. A^Vertdbnl Aitenr 
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artones. Each of them corves oot by the side of the pituitary body 
and forms a sort of a semicircular loop within the cranial cavity 
Posteriorly the two loops approach each other m a mid-ventral line 
between the optic lobes, where each of them again divides into two 
branches forming the anterior and posterior cerebral arteries (Ant 
Cer A , Post Cer A ) The anterior cerebrals after a short course 
unite with each other beneath the optic lobes and form the combined 
median anterior cerebral artery ( M. Ant. Cer. A ) The latter runs 
forward along the ventral portion of the brain anterior to the cerebel- 
lum and thereby supplies blood to this part of the brain. The 
posterior cerebrals likewise moot each other and form the combmed 
median posterior cer^rai artery ( M Post. Cer. A. ), which proceeds 
towards the posterior region along the ventral surface of the brain. 
The combined median posterior cerebral artery gives out a small pair, 
one on either side beneath the medulla oblongata. It supplies blood to 
the fifth, seventh, eighth and ninth cranial nerves and also to the 
auditory organ. The median artery is then continued behind as the 
spinalis or basilaris (Sp. A ) artery which runs along the ventral 
surface of the spinal cord throughout its length. 

The Orbital artery ( Or. A ) arises on each side of the lateral 
aorta a httle behind the opening of the first epibranchml artery mto the 
soma. It is known as orbital artery ( Goodrich ) or external carotid 
(Nils Rosen) It runs forward towards the orbit dorsal to the 
pseudobranch and supplies blood to the region surrounding the eye. 

The Pseudobranchial or Hyoidean artery ( A. Hy. ) is a fairly 
large vessel arising on each side from the ventral end of the first 
efferent branchial. It is called the Hyoidean or Pseudobranchial 
artery ” which on leaving the branchial arch gives rise to a small 
branch called Mandibular artery ( Mn A ). The latter supplies blood 
to the mandibular and to the opercular regions. The mam hyoidean 
trunk then turns round dorsally and runs along the internal surface of 
the operculum as the ** Afferent Pseudobranchial artery ” (Af. Ps. Br. 
A.). After reaching the pseudobranch it breaks up mto several 
capillaries in the filaments of that structure. The blood from the 
pseudobranch is agam collected by the efferent pseudobranchial 
capillaries. All these unite to form the Efferent Pseudobranchial 
artery " ( Ef. Ps. Br. A ) which after crossing over the external 
carotid divides into two branches. One of them is known the 
Ophthalmic artery ( Op. A. ) and the other running inward, meets its 
fellow from the other side above the parasphenoid. The ophthalmic 
of each side proceeds towards the eye along the optic nerve of its side 
and parallel with the optic artery already described. It finally 
perforates the sclerotic coat and supplies blood to the dioroid gland of 
the eye. 

1 
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Thus It will be seen from the above descnptiQD that the 
pseudobranch is supplied with arterial blood unlike the other gills. It, 
therefore, appears that it has lost its original respiratory function 
though its morphological structure is almost similar to that of a 
demibranch of an ordinary gill. The function of the pseudobranch is 
not yet ascertained. Joh. Muller (6) suggested that the pseudobranch 
IS a gland furnishmg an internal secretion, and that the object of the 
incloded capillary system of the pseudobranch is to equalise the 
intraoptical pressure by smoothing down the pulsation of the heart. 
Accorduig to Cole and Johnstone (6) there is no evidence of the 
elaboration of any internal secretion and the Uood in the ojdithalmic 
artery has already passed through the branchial capillaries before 
reaching the pseudobranch. 

77m Hypobranchtal Artenss ( Fig. 5) — ^They consist of small 
vessels, arising from the ventral ends of the three pairs of efierent 
branchial arteries. The prominent of them is a small commissural 
vessel (Com. A. 2.), arismg from the ventral end of the second 
efferent branchial artery It umtes with its fellow of the other side 
below the ventral aorta and the combined vessel thus formed is called 
the '* Median Hypobranchtal Artery ” ( Md. Hy. Br. A ). The latter 
runs down for some distance in a vertical direction through the stenio> 
hyoid muscles and then turns behind towards the posterior side. It 
gives off a single " Sternohyoid ” artery ( St. A ) to the sternohyoid 
muscles while passing through them. Then the median hypobranchial 
artery is continued towards the posterior end and it gives off a pair of 
lateral branches at the anterior end of the pericardial cavity. Each of 
the laterals may be called as the " Pericardial " artery ( Peri. A. ) 
which runs on each side along the outer maigm of the pericardial 
cavity and finally disappears in the muscles of the pectoral girdle. 
On Its way it gives off several smaller branches, supplying blood to 
the heart, the pericardium, the airsac and to the pectoral muscles. 
Behmd the pericardials, the median hypobranchial artery becomes 
small and supplies blood to the ventral lonf^tudinal muscles of the 
air-sac and to the air-sac itself ( A. S. A. ). Each commissaral from 
the second efferent branchial artery fidves off m addition a small branch 
towards the anterior side before joining its fellow from the other side. 
This small Buccal Artery (Bn. A. ) runs forward and supplies blood to 
the muscles on the ventral wall of the buccal cavity. 

Sunilarly there arises on each side a oommissnral vessel from tiie 
ventral ends of the first and third efferent branchial arteries. The 
oommissnral from the first ( Com. A. 1 ) is small and divides into 
two brandies at some distance from its ongin. The anterior of the 
two rnns m front and the posteriot one jous the oommissonl from 
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the second efferent branchial artery. The ooimniseaial from the 
third ( Com. A. 3 ) likewise divides into two branches. The anterior 
of them mns forward and opens into the oommissnial from the second. 



Fig 5 —Tht BfpobrantM Artum T. MoHgm. 

A. & A —Artery to the Air Sac, Bu A.— Buccal Artery, Com. A 1— Com 
A. 2. and Com. A 3 — Commiasural Vessels from the First, Second ft Third 
Efferent &anchial Artales reapectlveiy , Bf Br A.— Efferent Branchial 
Artery , Md. Hy. Br A —Median Hypobranchial Artery , Perl A.— Pericardial 
Artery, St A —Sternohyoid Artery. 

The posterior branch of the same runs behmd and breaks into smaller 
vessels below the oesophagus. It supplies blood to the dorsal region 
of the heart, and to the pharyngeal and oesophageal regions 

The Dorsal Aorta and tts Branches —The dorsal aorta ( Fig. 4 ) 
gives out several branches which are described below. 

(1) The Subclavian Arteries —A pair of large vessels arises 
from the dorsal aorta at its very beginmng They ore called the 
“ Subclavian arteries " ( ScL A ) snpplymg the paired pectoral fins. 
Jaimediately after their origu they proceed opt towards the body-wall 
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and on tbeir way they give off a stout branch to the air bladder 
( A. B« A, 2 ). While mnnii^ oatward towards the fins they pass 
throogfa the lobes of the kidneys ( R. A. 1 ) to whidi they supply blood 
by several smaller branches Finally each of them enters the pectoral 
girdle and supplies the pectoral fin of its side. 

(2) The Coehaco^mesertUno Artery * — The coehaco-mesenteric 
artery (Figs 4 & 6 Cm, A. ) is an unpaired vessel lying to the right 
side of the body. It originates ventrally from the point of the 
union of the two lateral aortae to form the dorsal aorta. Immediately 
after its origin the coeliaco-mesenteric proceeds posteriorly between 
the oesophagus on one side and the liver on the other. It first gives 
a stout branch called the Hepatic artery ( Fig. 6 Hep. A.). The latter 
divides mto smaller branches, all of which enter the liver at different 
pomts. The main trunk then runs along the stomach and gives nse 



Fig. 6 —Vmcrier Sitth 4^ ASmenleryCimal* 

( The bUck lines show the Arteries and the othera diow the Velnt. ) 

A. E A 1 —Artery to the Air Bbdder from the CocUaoo-meaenteric 
Artery, AEV L— Vein frean the Air Bladder ioining the Hepatic Portal 
Vein, AP— Anal Aperture, EC V.— Branch from the Caudal Veto JoInlDg 
the Hepatic Portal Vein, Cm A— CoeHaoo Meaenteric Artoy; Da^ 
Duodenum , Gen. A —Genital Artery , Gen. V 1— Genhal Vein kdalng the 
Hepatic Portal Vein, Hep. A— H^Uc Artery; Hep. Pt^Hepadc Portal 
Vein, lot— Intestine, L— Liver, Paa— Pincreaa , Ret— St— 
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to several vessels supplying the oesophagus, stotnach, spleen and air- 
bladder ( Fig. 6 A B. A 1 ) Onward the original vessel breaks 
up into some more branches supplying the mtestme, rectum, and 
mesentery. Lastly the terminal part of the Coellaco-mesenteric 
artery gives off branches supplyii^ the anus, gonads and urinary 
bladder ( Fig 6 ). 

(J) The Atr-bladder Artery — Behind the oocliaco-mesenteric 
and the sub-clavian arteries, the dorsal aorta gives off another unpaired 
artery supplying blood to the air-bladder ( A. B A. 3 ). 

(4) The Renal Artertes — ^The dorsal aorta gives off two pairs 
of the renal arteries ( R. A. 2 ) at short intervals, behind the air-bladder 
artery. They supply blood to the posterior lobes of the kidneys. The 
second pair of the renal arteries breaks np mto a smaller branch which 
supphes Uood to the vertebral column (Ver. A.). 

(5) The caudal Artery. — ^The dorsal aorta lies beneath the 
vertebral column for some distance and then at a short distance behind 
the origm of the second renal artery it lies withm the groove formed by 
the succeeding trunk vertebrie. Postenorly that is behind the anus it 
enters the hsmal canal of the caudal vertebra and then the dorsal 
aorta is known as " The Caudal artery ” ( C. A. ). The latter gives off 
at its begmning an unpaired vessel to the ventral fin (Yen. F. A.). 

(6) The Segmental Artertes — ^They consist of several paured 
vessels which arise from the dorsal aorta on its way towards the post- 
erior side. They supply blood to the body-wall and to the trunk and 
tail mnecles. 

THE VEINS. 

The impure or deoxygenated blood from all parts of the body is 
collected and carried back to the heart by thm-walled vessels called 
"The Vems" (Figs. 6 & 7) The veins coming from the different ports 
(rf the body may be described as follows .— 

L Vems from the anterior region in front of the heart. 

(a) The Anterior Cardinals 

(b) The unpaired Inferior Jugular. 

(c) The Clavicular vems. 

II Vems from the posterior region behind the heart 

(A) Vems m the abdominal cavity. 

(a) The Posterior Cardinals. 

(b) The Renal Portal system. 

(c) The Hepatic Portal qrstem. 

(d) The Gemtals. 

(e) The Air-bladder vein, 




Fig. 7 — Mmm SfilmtfT ONma*. 

A.B-Air Bladdw: A.B V. 2-V«ln from the Air Btadder opening 
into the PoeteriorCttFdinnl Vein, Ant Ca»lsAntetior OndhiBl Vein, Aor^ 
Aurl^j E A.aBiilbna Ailerlom, Br VoBmdilal Veln^ CD.aCuvieriiD 
Dact;dv.sQiudil Vein, a V.sClaTiciilar Vdn; Gen. V.2eGeaital Vein 

r mglntotheCuviertanDtictiGaasBGoned.Hep. V.BHepntle Vein: LV,ni 
Vein, Ini Ju.sInferlorJagdar Vein. K.Mrodney , LatfJrer; LA.V,»a 
Letenl Abdominil Vein, LCVa^^tenl CuUneoue Vein: Poet. OmlB 
Poeterlor Oudlnel Vein, Rn. PtsRaid Portel Vein; ^ V.ai6egmentnl 
Vein, Sin. V«6iniie VenoeaB, Sob. V.a4abclarteo Vm; Unp. FOet 
Poeterlor Caidlnel Vela, V. C V.^«iMrel Oni^ Vein: 

Vea-VenMcle, 
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(B) Veins in the body-wall. 

(a) The LAteral Abdominals. 

(b) The Lateral Cutaneons 

I. All the blood from the head region is returned to the heart by 
the large paired anterior cardinals, unpaired inferior Jugular and by the 
paired clavicular veins coming from the clavicular muscles 

(a) The Antertor Cardinals^ — ^The paired anterior cardinals 
( Fig. 7 Ant. Card ) are large thm- walled vessels which drain the blood 
from the head, eyes, brain, branchial regions etc. They start from the 
anterior portion of the head and are joined on their way by smaller 
vessels from the orbito-nasal and branchial regions They, then, run 
towards the heart along the ventral surface of the skull and dorsal to 
the branchial arches The anterior and posterior cardinals of each side 
open side by side into the wide transverse vessel, the ** Cuvierian duct ” 
( C. D ) The latter is continued into the sinus vanosns. 

(b) The Irtfenorjugular ■ — ^The unpaired inferior jugular vem 
( Inf. Ju. ) originates from the ventnd margm of the branchial arches 
and runs above the ventral aorta for a short distance. It then bends 
outside and proceeds towards the sinus venosus by the side of the heart. 
It opens into the right side of the sinus venosus. 

(c) The Clavtcuiar Vettts — They consist of two slender vessels 
( CL V ) arising from the antero-lateral side of the skull and from the 
clavicular muscles. They proceed towards the sinus venosus along the 
ventral region of the gills Each of them coUects blood from the clavi- 
cular muscles and finally joms the lateral abdominal vein ( to be des- 
cribed subsequently ) of its side 

II. The Veins that drain off the Uood from the region behind 
the heart can be described under two heads as mentioned in the table 
given above. 

(A) The vems coming from the abdominal cavity consist of five 
principal vessels as described below. 

(a) The Posterior Cardinals — ^The Posterior Cardinal veins 
( Post Card. ) consist of two wide but very short vessels owing to the 
shifting of the kidneys towards the anterior end of the abdominal 
cavity. Each of them commences m the compact kidney of its side 
and then approaches the anterior cardinal of the same side m the 
region d the heart However it opens separately into the cuvierian 
duct as mentioned above. In addition to the blood from the kidney, the 
posterior caidmal receives venous blood from the air bladder ( A. B. 
V. 2). A small vem starts on each side from the dorsal wall of the 
air Hadder and after running outward towards the region of the kidnay» 
it amptiss its contents mto the lumen of the poetenor cardinal vein. 
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(b) 77 m Renal Portal Sj/atem : — ^The caudal vain ( C V. ) from 
the tail runs towards the anteru}r aide through the haemal canal, 
immediately beneath the caudal artery. It, then, emerges into the 
abdommal cavity and runs as a single vessel for a diort distance. This 
undivided portion of the caudal vein may be called as the ** Unpaired 
Posterior Cardinal ” ( Unp. Post. Card. ) vein. It is joined on its way 
by a single vein, formed by the union of two vessels one from eadi 
side The latter are the inner branches of the iliac vein ( I. V. ). It 
then divides into the right and left renal portal veins ( Rn. Pt. ) at 
some distance behind the air bladder. Each of the brandies curves 
out and proceeds towards the kidney of its side and enters the posterior 
lobe of the same It breaks mto several smaller branches in that 
organ, 'fhe kidney also receives an additional supply of venous blood 
from the muscles of the trunk through several segmental veins (Sg. V.). 
Finally the blood from the kidney is drained off by the posterior 
cardinal and thence to the cuvierian duct. 

(c) The Hepatic Portal System ( Fig. 6 ) — The blood from the 
different ports of the alimentary canal, also a small portion from the 
gonads ( Gen. V. 1 ), the urinary bladder and the two ureters, together 
with a small portion of blood from caudal vein ( B. C. V ) and the 
blood from the ventral region of the air bladder (A B. V. 1 ), is col- 
lected by a series of smaller veins constituting the Hepatic Portal 
system These several veins jom each other as they run towards 
the liver and thereby give rise to a principal vein called ” The Hepatic 
Portal Vein ” (Hep. Pt.). The latter runs towards the liver and 
finally discharges its contents mto it It should however be noted 
that the hepatic portal vein does not enter mto the liver by a smgle 
trunk but it divides again mto a small number of branches before 
entering mto the liver. They, then, enter the liver independently and 
break into numerous capillaries m the interior of that organ 

The blood from the liver is recollected by a number of small 
veins which ultimately unite mto a short, wide and unpaired vein called 
the “ Hepatic Vein " ( Fig 7 Hep. V ). The latter opens directly into 
the sinus venosus 

( d ) The Genitals . — A stont vein ( Fig. 7 Gen. V. 2 ) starts from 
each gonad ( either testis or ovary ) and runs forward towards the 
heart along the ventral surface of the aur-bladder. It finally opens 
directly into the cuvienan duct of its side. It should be mentioned 
here that m a few specimens it was found that the two gemtal veus 
jomed each other and then the single vessel, thus formed, opened into 
the right cuvierian duct 

(e) The Air-Uadder Vein — A small vem ( Fig, 7 A. B. V. 2 ) 
starts on each side hoax the dorsal wall of the air bladder after 
running outward towards the region of the kidney, it empties ita con* 
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tents into tbe lamen of the posterior cardinal vein of its side It may 
be noted here that a portion of the venous blood from the ventral 
region of the air bladder is collected by a single slender vessel. The 
latter opens ( as described above ) into the hepatic portal vein on its 
way towards the liver ( Fig 6 A. B V. 1. ) 

(D) The Veins rnnmng aloi^ the body wall consist of two paired 
loop like vessels as described below * — 

(a) The Lateral AbdomtntUa — These paired veins arise from tbe 
post-cloacal myotomes, on the ventral region of the tail by the side of 
the ventral hn Each of them is formed by the union of several 
smaller vessels coming from the mnscles of the surrounding area of 
the ventral fin and some from the ventral fin itself. They, thus, give 
rise to a single vessel on each side of the ventral fin. It seems to 
correspond to the Iliac vein (I V. ) of the Dogfish Each of them 
proceeds forward and divides into two branches as soon ar it enters 
the abdominal cavity The inner of tbe two receives several segmental 
veins from the precaudal myotomes and from the cloacal region It, 
then, joins its fellow of the opposite side and the common vessel thus 
formed opens into the unpaired posterior cardial vein os described 
above 'Fhe outer branch on the other hand continues forward as the 
well-known ‘^Lateral Abdominal Vein ”, on each side (Fig 7. L A V ) 
It runs forward along the latercHventral side of the body, immediately 
external to the peritoneum and is more or less embedded in the ventral 
longitudinal muscles. On its way towards the heart it receives several 
branches from the trunk muscles. It turns dorsalwards in the pectoral 
region and then receives a branch from the clavicular muscles as 
described above. The common vessel thus formed turns again towards 
the posterior side and soon enters the sinus venosus 

(b) The Lateral Cutaneous — In the mid-ventrol region of the 
tail behind the ventral fin, a vein is formed by tbe union of two smaller 
vessels. The single vem so formed may be called for convenience sake 
" The Ventral Caudal Vem” (V. C. V ) os distinguished from the other 
caudal vein already described It runs along the mid-ventral Imo as for 
as the ventral fin, where it divides into two branches one runnmg on 
each side of the fin It, then, proceeds along the lateral bodywall as 
the Lateral Cutaneous Vein” (L. C. V ) below the skm and nmnu^ 
almost parallel with the lateral abdominal vem mentioned above. On 
each side it runs as far as the pectoral region where It joins anteriorly 
With the Brachial vein (Br. V ) of its side. Tbe common vein thus 
formed, carrymg blood both from the pectoral girdle and from tbe 
lateral cutaneous vem may now be called the "Sub-Clavian Vein” 
(Sub. V.). The latter enters finally into the smua venosus. 

Tlius it will be seen that certain portion of the venous blood from 
caudal regicm reaches the heart directly without the mtervention of 

J 
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either the renal portal or hepatic portal ssratems , whereas the lemain- 
log main portion of blood has to pass throngh one of the two portal 
systems 
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TWO NEW SPECIES OF THE GENUS DIPLOTiajBlIA 
(NEMATODA) PARASITIC IN THE 
COMMON INDIAN MYNA 
( Acridotherea Trittts Tnsha). 

Bf 

]. N. KARVB, M. Se 

Biaiog!) D^rhnefU, S. P. Ccilegt, Poona. 

The parasitic worms described in this paper were collected from 
the body-cavity of the Myna on two occasions. A study of the 
structnre of these worms revealed the presence of two distinct epeaes 
b the lot. 

DIFLOTRIAENA ACEIDOTHESEI N. SP. 

The worms belonging to this species are long and white m ooloar. 
The males measnre 35 mm.-52 mm. m length and have a maximum 
width of 0487 mm. Females are much longer than the males and 
are 118 mmv-125 mm. long with a maxminm breadth of 07 mm.- 
1*2 mm. The cuticle of the body appears to be nnstriated in both the 
sexes. The worms taper towards the extremeties, the anterior end 
beiog somewhat narrower than the posterior one. The trident mea- 
sues 0>127 mm.-0'lS4 mm. m the male and 0*154 mm.-0*245 mm. 
in the female. Its anterior end is blunt. The oesophagus can be seen 
through the body-wall, in all the specimens, with the naked eye. It is 
divided into two parts— a short anterior and a very long posterior one. 
The posterior portion of the oesophagus, m all the specimens, appears 
hyit ti piter the microscope, The length of the entire oesophagus is 
8*61 mm.-8 691 mm in the male and 9 17 mm.-ll 072 mm. in the 
female. The short anterior part of the oesophagus is 0*21 ram. — 
0*227 mm. long in the male and 0*21 mm.-0*272 mm m the female 
The nerye ring is situated at 0*209 inm.-0 227 mm. from the 
anterior end in the male and 0 2 mm.-0*209 mm. from the same end 
in the female. The tail of the male measures about 0 1 mm. m length 
and IS truncated. It is somewhat compressed dorsoventally and 
expanded to some extent laterally m the cloacal region. The tail of 
the frauds is round and measures 0*290 mm.4)*372 mm. in length. 

There an eleven pairs of candal papillae in the male. Two pain 
an preanal and the temainiog ones postanaL The left papilla of the 
190 ^ preanal pair is, m sane specunens, displaced and is sitnated bp 
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the side of the ftnal aperture. Of the eleven pairs, five are situated 
on the margin of the tail The spicules are unequal and dissimilar. 
The right spicule which measures 0*55 inm.-0-61 mm. is spirally 
coiled and is the smaller of the two. The left spicule is straighti much 
longer and varies from 1*7 mm^2‘51 mm. m length. 



Diplolnaena acndortcfa 

Dorsal view of the anterior end of the male. N— Nerva ring. 

In the female the vulva is situated at a distance of 0 454 mm.~ 
0*609 mm. from the anterior end. The vagina is muscular and 
gradually dilates as it runs posteriorly, the pomt of bifurcation being 
situated at a distance of about 2*90 mm. from the vulva m a spedmeq 
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measaring 125 mm. The eggs are thick-shelled 
and measure 0056 mm.-0‘059 mm. x 0-035 mm.- 
004 mm. 


Host — Myna ( Acndothens tnalts tnslta ) 
Habitat — Body cavity. 

Locahty — Nagpur ( C. P. ) 



O rr a—fln/L ^ 

iJ^pUMritmiO uCnimHlmn!l 

Laterval view ot the anterior end of the male. 

DIFLOTRIAENA NAGPUSENSIS N SP 

A single male worm of this species was 
foond among the worms belonging to the speaes 
D. acndotehm. It could easily be marked out 
from the rest on account of its concave anterior 
end and the pro^ting tridents, 

The total length of the worm is 33*95 mm. 
with a maximum thickness of about 0*591 mm. 
The tridents measure 0 165 mm. Their anterior 
end is truncated and projects beyond the cuticle 
of the anterior end of the worm. In the dorsal 
view the anterior extremity shows a forwardly 
directed ccmeavity with the tridents on each side 
of it. The oesophagus is very long and as usual is 
divided into a short anterior portion, measaring 
0*272 mm. and a much larger posterior one with 
g length of 7*178 mm. The nerve ring is eitna- 



Fte 3 

aenkOmn 

Poeterior end of ihe male 
to ahow dw eplculea Ventral 
view. 
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tad at 0-2 mm. from the anterior end and endtdee the 6fit pattfOD 
of the oesophagus. 

The posterior end appears round m lateral view, bnt whan seen 
frOQi the ventral side, it is truncated. No candal r*P***— could be 



Fto 4 

OithMeiM ecridottmi 

Ihfl of the male under hiiJier magnlflcattoo abontav the ceadslpipllhw 
end the ends of Spiculee. Ventral vtaw. 

made out. The cuticle <A the postanal as well as some portion of the 
preanal region, is granular. The cloaca and the bps of the and 
aperture ore supplied with muscles wbch are inserted on 
thickeninga. The appearance presented by the tail is like a network 
of muscles with granular mterstioes. The spicules are unequal and 
dissimilar. The right one is spirally coded and measures 0*5 mm. 
while the left is 2*1 mm. in leng^ 

This wonn resembles D. putigm (Schneider, 1866) and 
D. uroame Maplestone, 1931, m certain dniaders. Howaver, it 
possesses others wbidi distingnish it Cpoiq both these f p ro i es. Ip 
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Fig 5 

Dipiotnatm nagpunn^ 

Donal vtow of the anterior end of the male 



F^e 

DfflcMgtgg 

Labtfil irtew d the anterior end d the male. 
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D pufigens tho trident measnres 0 25 mnL-0 27 mm*; it la only 
0 165 nun. in the present species. The tndents in D, nagpurensts 
protrude beyond the anterior end os m D. ptingem but the lip-like 
elevations which are present m the latter species are not present in 
the former. Moreover in D. nagpuretma the anterior end of the 
trident is distinctly truncate and forms a slight 



concavity when viewed laterally. The oeso- 
phagus and both the spicules are distinctly 
smaller in D. pungens than these structures 
found in D. nagpurensts* According to 
Schneider’s observations D.pungcna possesses 
seven pairs of caudal papillae in the male. 
Boulenger ( 1928 ) could observe only three 
postanal pairs in the single specimen at his 
disposal. In D nagpurensts no caudal papillae 
are present in the male. This would show 
that D. ftagpurensta is quite distmct from D. 
pungcfis, 

D uroctssae is comparatively a much 
smaller worm than D. mgpurensts. Though 
in D uroctssae the tndents project beyond 
the cuticle of the anterior end just as they 
do m D. mgpuretms, their anterior ends are 
sharp and not truncated as in the latter 
species. Again, there are two pairs of caudal 
papillae m the male of D. uroctssae, while 
there are none in D. nagpuretists* Thus it 
would be seen that D nagpurensts is quite 
distinct from D. uroctssae. 

Host— Myna {Aortdotheres trtsHs irtsHs) 
Habitat — Body cavity 
Lpocahty— Nagpur (C P.). 
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A REPORT ON THE STUDY OF BLOOD PRESSURE" 
OF INDIANS IN BOMBAY 
By 

S G. VENGSARKAR. N D . 

Aasi Hon Phystctan to the Ktng Edward VII Memorial 
Ho9pitait Parel, Bombay. 

P RAGHAVAN, M3.3^ and G B GODBOLE, M.B , ES. 

Poet graduate Students at the King Edward VII Memorial 
Hospital, Partly Bombay 

Daring the past decade or twot the importance of sphygmom- 
anometeric measurements has increased to such an extent that to-day it 
IS considered a necessity to estimate the blood pressure as a matter of 
routine either m the consulting room or at the bedside. The technique 
of measuring the blood pressure has been so simplified by the mtroduo 
tiou of the auscultatory method that it comes within the scope of every 
general practitioner to make a fairly accurate estimate of the same 
Its value from the points of view of diagnosis and prognosis cannot be 
Ignored. 

To understand the proper significance of an individual's blood 
pressure readmg in any pathological condition^ it is essential to have a 
definite idea of the normal range of variations under physiological condi- 
tions. A good deal of work has been done in other countries on normal 
blood-pressure and the extent and nature of departure from the 
normal in various pathological conditions. But unfortunately no such 
ground work has been done as regards the people of this country. 
The only reference that we have been able to find is in the work of 
McCay on the systohc blood pressure of Hindus of Calcutta. The 
work of Cadbury among Chinese students at Canton and of other 
observers among people in semi-tropical places suggests that the blood 
pressure of Indians ought to be lower than that of people residing m 
more temperate climates It is with a view to have an idea of the 
blood pressure and its variations m physiological states under the 
peculiar environments in India ( Bombay ) that this investigation was 
taken tn hand An attempt has been made to give a statistical treat- 
ment to the data collected from the materials at our disposal with a 
view to getting a better understanding oi the causes responsible for its 
vanationB. The blood pressure m cases of Pneumonia was also 
Btodied from the materials available in the medical wards of tbs K. E. 
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M. Hospital ; bat this will form the subject of another paper. The 
work was started at the end of September 1930 and was bronght to a 
close in October 1932. Daring this period the blood pressure of 1,302 
persons was measured Of these 1,012 were Hindos, 108 were 
Christians, 113 Parsis, 64 Mohamedana and 5 Jews. 

Matertals and the method 

The basal blood pressure, t «. the blood pressure under basal condi- 
tions of metabolism was investigated among those of the stadents, resi- 
dent medical ofBcers, nurses and the clerical staff, residing on the 
premises of the group of hospitals m Pare!. The blood pressure during 
working hours was studied in addition, amongst school children attending 
Dadar schools and amot^st clerks of the Mumcipal Head Office and 
among students of the Ismail College, Andheri. 

Throughout our investigations we have adopted the horizontal 
position (recumbent posture) without a pillow or with a luw pillow 
under the head. The subjects were oUoyred to he down for about five 
minutes on the couch during which period a record of the name, sex, 
relevant personal history, family history and habits (especially as 
regards food, alcohol and tobacco ) was made in order to allow time for 
the subjects to get over the nervousness and become familiar to the 
examiner before the readings were taken. 

A mercury manometer graduated in Mms of Hg. with a standard 
12 c. m. arm cuff was used. The pulse rate was counted for half 
minutes until two countings tallied. Three blood-pressure readings 
were taken and the average of the last two readings was recorded 
The systolic blood pressure was read at the appearance of first clear 
sound and the diastolic at the point of transitioa between the 3rd phase 
of sharp clear sounds and the 4th phase of mufHmg of the sounds. A 
record of the height and weight was obtained and the urine of the 
subjects was examined for albumin and sugar. 

We have omitted from consideration those cases which presented 
any cardiovocular abnormality (except sinus arrhythmia) and those 
coses which showed presence of albumin or sugar in the urine. In our 
series, 12 2i% of school children between 6 and 20 years of age showed 
respiratory or smns arrhythmia. The unne of 4 out xA 522 children 
showed a famt reduction with Fehhng’s solution but the problem was 
not investigated further. Three children gave positive tests for albumin 
by the heat and sulpho-aalycilic acid teats. 

Results. 

Blood Pttasure ot Hindus 

The average systolic pressure of Hindn boys between 5 and 9 
years of age was found to be 84-2 mms. For boys between 10 and 19 
years of age, it was found to be 934 mms. For adolts of 20 to 29 
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years, 30 to 39 years and 40 to 49 years it was foond to be 114*5, 120*8 
and 116*5 nuns, respectively. The systolic Uood pressure of all the 
adult age groaps mentioned above, does not show a flnctnabon greater 
than can be accounted for by chance variation alonei, and here we agree 
with Wing Commander Treadgold that '* age between 18 and 40 and 
proportionate height and weight have little effect on blood pressure 
The mAJonty of this group ( Hindus) were vegetarians and teetotallers. 
Those of them who styled themselves non-vegetarians had in 
addition to the vegetarian diet a few eggs and few ounces of meat or 
fish once or twice a week. All the medical students who took a fair 
amount of exercise fall in the age group 20 and 29 years whilst m the 
higher age group are included clerks and others following a sedentary 
occupation. The results are arranged m Table I. Similar figures from 
English and American sources are given in Table Ilia. The figures 
foond by ns for the vanons age groups are considerably bebw those 
given by those authors. Compared with Americans our subjects 
showed a difference of 14 9 mms. in the systolic pressure. McCay at 
Calcutta found the systohc blood pressure of Hindus to vary between 
83 and 110 mms., the average beu^ a little over 100 mms. In another 
senes of observations he found the averages to be more or less the 
same. Onr figures as compared to McCay*s are slightly higher both as 
regards the average as well as the range of variation. Caxlbury 
working with Cantonese students found the averages which are given 
below : — 

Cadbury Our work 


14 

years. 

IS to 20 
years. 


21 to 30 
years. 


Systolic. 

83 mms. 

10 to 19 , 

r Systolic 

934 

mms. 

Diastolic. 

SI „ 

Diastobc. 

56*1 

,, 

.Pnlse. 

31 

years. 

iPnlse. 

3348 


Systolic. 

Diastobc 

Pnlse. 

Systolic. 

101 mms. 
62 „ 

39 „ 

101 turns. 

21 to 30 . 

'‘Systolic. 

n 

114 52 mms. 

Diastolic, 

68 

Diastolic. 

73-23 

„ 

Pnlse. 

36 „ 

}iears. 

L Pulse. 

44 32 

» 


It will be noticed that our figures are higher than those of 
Cadbury. He found that 60% of his subjects had blood pressure 
ranging between 90 and 1 10 mms., whilst 57 4% of our subjects had a 
systohc Idood pressure ranging between 90 and 1 19 mms. 81 8% of the 
Hindn norses exammed bad a systolic blood pressure rangmg between 
90 and 119 mms. It will be noticed that there were several cases that 
showed a systolic pressure of over 130 mm. They form 0*26% in the 
age group 10 to 19 years, 10*9% m the age group 20 to 29, 22 2% in 
the age group 30 to 39 years and 18*7% in the age group 40 to 49 
years. The stAjects who had blood pressures below average were 
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fouDcl to have do symptoms and were as fit as others, showing that 
hypotension, even .when systolic pressure is below 100 mms., can be 
presoit in good health." 

The results of the diastolic pressure readings are tabulated in 
Table 11. Here again we find that our figures are lower by about 
10 mms. than the figures given for Americans In McCay's work we 
find no reference to diastolic pressure. Our figures are a trifle higher 
than the figures of Cadbury for Chinese students About 76% of our 
subjects hod diastolic pressures between 60 and 79 mms. Nearly 
20% had diastolic pressure below average The average figures show 
little variation m the age groups above 20 years. 

Pulse pressure readings are tabulated in Table 111. The average 
pulse pressore for adults was found to be 44 mms In children it is 
slightly lower than in adults and slowly mcreases with age. It rises 
m proportion to the height of systolic blood pressure as will be noticed 
below. 

Body Weight and Blood Pressure 

The blood pressure in the age group 5 to 19 years has been 
tabulated in Tables IV|V and VI. The systolic blood pressure shows 
a steady increase with increase in body weight. The same is true for the 
diastohc pressure also though it does not show the same amount of 
increase as the systolic. Consequently we find that the pulse pressure 
rises , the difference being due more to the rising systolic pressure than 
to the diastolic, a fact that has been noticed by other observers before. 
Table VII shows a comparison between the results of Michael and 
of Cadury and of ourselves. Our figures though higher than Cadbury's 
are considerably lower than the figures given by American authors 

The relation between body height and blood pressure of the age 
group 9 to 19 years is shown in Table VIII, and Table VIII (a) shows 
similar figures for American subjects. The systohe blood pressure 
rises gradually as the height increases. Though the relative increase 
is the same m Indians and in Americans, the absolute figures for the 
latter are higher by about 10 mms. The diastolic pressure too shows 
a slight increase with increased height. 

Blood Pressure of other communities. 

The systolic and diastolic pressures of Hmdu children at Dadar 
schools were found to be lower than those of the Christian children of 
the same age and locality. The difference was about 4*7 mms for 
systolic blood pressure and 10*41 mm. for the diastolic pressure The 
Christian boys were comparatively of better physique than the Hindu 
boys of the same locality. The students of a Parsi school in the Fort 
were found to have systohe blood pressure about 7 mms. higher than 
that of the Christian boys. In the medical students of the Seth G. S, 
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Medical Odlegei the blood pressure of the students of the various 
communities was approximately the same. The blood pressure of the 
Mohamedan students of the Ismail Collie, Andheri, is shown in Table 
Xlf compared with that of the Hindu students of the Medical College. 
The figures for the systolic pressure are equal to the nearest mtegeri 
whilst the diastolic figures m Mohamedans are higher by 3 8 nuns, 
than in Hindus The conditions^of life of both sets of students are 
more or less the same except perhaps that the medicoes have to do a 
greater amount of work than the students of the other college. The 
average systolic pressure for both the groups is about 113 3 mms. 
The problem demands more investigation before final conclusions can 
be drawn therefrom. 

Diet and Blood Pressure, 

The blood pressure of adults of the age group 30 to 50 years has 
been classified from the point of view of diet in Table XII. The sub- 
jects classified as vegetarians in the Table were total abstamera from all 
animal food except milk The non-vegetarian diet consisted of a few 
eggs and a few ouxtcxa of meat or fish daily^ besides the usual diet 
consisting mainly of rice, wheat and vegetables. The systolic blood 
pressure of vegetarians was found to be 112*0 mms. and that of 
non- vegetarians was found to be 120*0 mms.-^ difiPerence of 8 
mms. The average diastolic was found to be 78 4 and 76*2 mms. for 
the non-vegetarians and the vegetarians respectively — difference of 
2*2 mms. All tbm subjects were clerks employed in the various 
departments of the Bombay Municipal Head Office having the same 
conditions erf life as regards work, exercise, etc 

Occupaiton and Blood Pressure, 

Table XIII shows the blood pressure of clerks and labour staff of 
different age groups compared The labour staff of the hospital con- 
sisted of ward boys and gardeners. Most of the subjects of the labour 
staff had habits of drinking toddy or country liquor and of chewing 
tobacco, while the number of people who had such habits among the 
clerical staff was practically ml. The systohe blood pressure of clerks 
of age between 20 and 29 years was found to be higher by about 
4 mms while that of the clerks of age between 30 and 39 years of 
age was found to be 7 3 mms. higher than that of the labour staff of 
the same age. The members of the labour staff hod to do a greater 
amount of manual labour than the clerks. Perhaps the higher figures 
for the clerks can be accounted for by the sedentary habits combined 
with inadequate opportumties for physical exercise and worries 
incidental to their work and to their status m life. 

Bawd Blood Pressure, 

This group consisted of male medical students and female nurees 
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of the King Edward VII Memorial Hospital The etodents were 
between 20 and 28 years of age while nurses were between 18 and 
28 years. The blood pressure was taken between 5-30 ajn. and 
6-30 a.m while the subjects were still in bed In oxnparison the 
blood pressure wbs again taken at 4 p.in. after they had been working 
smce 8 a.m The average basal systolic pressure of male students 
was 103 53 mms. and was 7 mms lower than that taken during work- 
ing hours. The working hour diastolic pressure showed a rise of 
2 5 mms. from basal diastolic pressure In the nurses the average 
basal systolic pressure was found to be 95*6 mms. — lower by about 
9 2 mms. than the working hour systolic pressure. The working hour 
diastolic pressure showed an increase of 5*5 mms from the basal 
diastolic pressure The difference between the working hour blood 
pressure and the basal blood pressure is greater in the females than in 
the males. The basal blood pressure of Hindu nurses was found to 
be higher than that of Christian nurses, which might be due to the 
greater emotional tone noticed in the former 

Artenoaclerosis 

Another interestmg fact brought out in this investigation was the 
frequency of arteriosclerosis in children as judged by the thickening 
and palpability of the walls of the radial and brachial arteries. The 
relative frequency in different communities is shown in Table XV. The 
average blood pressure of the cases of arteriosclerosis we came across 
during the course of our mvestigations is shown in Table XV There 
seems to be no definite relation between arteriosclerosis and high blood 
pressure in these cases. But here again the number of subjects is not 
sufficient to warrant any conclusions. 

Pulse rate. 

The average pulse rate for Hmdu school children at Dadar 
between 5 and 9 years of age was found to be 86 5 per minute. 
Between 10 and 19 years it was found to be 82 5 per mmute. For 
adults it was found to be on an average 75 per mmute. The results 
are tabulated m Table XVI. 

The basal pulse rate of students (males) between 20 and 28 years 
was found to be 63 7 per minute and the workix^ hour pulse rate 
taken at 4 pm. was 73 19 Among the nurses between 18 and 
28 years it was 70 9 and that taken during working hours was found 
to be 75*45. The pulse rate of females under basal as well as under 
working hour conditions was higher tlian m males 

Summary, 

1 The systolic blhod pressure of Huxlus in Bombay is lower by 
about 10 to 15 mms. than that of Amencans or Englishmen. The 
dia&tobc IS bwer by about 5 mms. 
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2. The relative proportios between body weight* body height and 
blood pressure is approximately the same m Indians* as in Amencans. 
" Age has little influence on blood pressure among adults of propor- 
tionate height and weight." (Ref. 11). 

3. The average basal systolic blood pressure is lower by about 
7 14 mms. than the systolic blood pressure taken under workmg condi- 
tions in males and 9 2 nuns, m females. The diastolic blood pressure 
shows smaller variation. 

4. The blood pressure of Christian and Parsi children is higher 
than that of Hmdu children but the problem requires further investiga- 
tion before definite conclusions can be drawn. 

5. The systolic blood pressure of clerks and intellectuals is higher 
than that of manual workers 

6. The blood pressure of people who live on a non-vegetarian 
diet tends to be higher (by about 8 mnis ) than those hving upon a 
v^tarian diet 
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Table I 

S]»Io/io prtssure tn Htt$dua (Ualet) 


Blood pressuie m 
Mtns ot Mercury 

5 to 9 yra 

10 to 19 
years 

20 to 29 
years 

30 to 39 
years 

40 to 49 
years 

60-69 Mms 

3 





70-79 

29 

31 




80-89 

56 

115 




90-99 

22 

155 

1 

2 

1 

100-109 , 

5 

56 

16 

3 

5 

110-119 , 


23 

25 

6 

3 

120 129 „ 


10 

7 


4 

130 139 „ 


1 

6 


3 

140-149 „ 






150-1S9 , 




1 


Total 

115 

391 

55 

27 

16 

Mean 

84 2 

934 


12079 


Probable error 
mean 

±0 5025 

±0 3411 




Standard deviation 

7 991 


9 309 

12 78 

1126 

Probable error of 
standard devia 
tlOD 

±0 3554 

±0 2412 

±05980 

±1 172 


Co efficient of van 
ation 

9 491 

1072 

8130 

15 29 

9 899 

Probable error of 
00 efficient of va 
nation 

±0 4249 

±0 2614 

±0 8577 

±1435 

±1472 

Percentage above 
130 Mma 


026 

109 

222 

1875 


L 
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Table IL 

DtcisJoJfc Wood pressure ttf Hindus (Uales). 


Pressure in Mms. 
of Hg. 

5-9 years 

10-19 

years. 

20-29 

years 

30-39 

years. 

40-49 

years. 

30-39 Mms. 

10 

8 


• •• 

. 

40-49 „ 

35 

24 

« 

• m 


50-59 „ 

40 

131 


• 

ee# 

60-69 „ 

29 

1G4 

15 

5 

3 

70-79 „ 

1 

59 

34 

11 

6 

80-89 „ 

* •• 

5 

4 

6 

7 

90-99 „ 

• 

• 

2 

5 

sea 

100-109 „ 

• • 

• •• 

• ee 

eea 

see 

Total 

115 

391 

55 

27 

16 

Mean 

52 42 

56*10 

73*226 

78*50 

77 00 

Probable error of 
Mean 

0 5652 

0 6176 

0*5630 

i 1*223 

1 

3 681 

Standard deviation 

9 003 

18*100 

6*255 

9421 

21*88 

Probable error of 
standard devia- 
tion. 

0*4004 

04367 

0*4018 

0 8648 1 

2*609 

Co-efficient of va- 
riation. 

17*18 

32*42 

8*545 

12*00 

2841 

Probable error of 
co-efficient W va- 
riation. 

0*7863 

0*4512 

0 5530 

1118 

2*812 
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Table HI. 

Pulse pressure cf Hindus (tnales). 


Pressars in Mms. 
of Hg 

5-9 

years. 

10-19 

years. 

20-29 

years. 

30-39 

years 

40-49 

years 

10-19 Mms. 

3 

7 

•• 

• 

• 

20-29 „ 


138 

1 

. • 

• • 

30-39 


157 

21 

9 

6 

40-49 „ 


68 

22 

13 

8 

50-59 „ 

^B 

19 

10 

3 

1 

60-69 „ 

H 

2 

1 

2 

1 

Total ... 

115 

391 

55 

27 

16 

Mean. 

32*94 

33 48 

44 32 


44 62 

Probable error of 
Mean 

0 5034 

0*2945 

0 4665 


1 271 

Standard deviation 

8004 

8636 


8 074 

7 532 

Probable error of 
standard devia 
tion. 

0 3559 

0 2083 

0 3298 

0*7411 

0 8982 

Co-eflicient of 
variation. . . 

24 3 

26 1 

11*58 

18 49 

16 91 

Probable error of 
coefficient of 
variahon. ... 

1 

1596 

0 6866 

0 7543 

1752 

2 067 
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Table III a. 

Blood pressure of Europeans and Atnencans. 
Average blood pressure ( m Alms, q/ Hg. ) Cotnpartson 
of the results of three tavestigators 



Males. 

f 

Females. 


Systolic. 

Diastolic. 

Systolic. 

Diastohc. 

Age 15-29 yean. 

HI 




Alvarez 

m&EM 

• •e 

126*3 

83 7 

Dunham. 


760 

ee« 


Symmonds 

' 123*4 

79 8 

1206 

78*4 

Age 30-39 yean. 

1 


129 8 

861 

Alvarez. 

mmm 

**• 

Dunham. 

BiEI 

770 

. . 

• 

Symmonds. 

mm 

82*0 

122 4 

80*9 

Age 40-49 yean. 

133 4 

• . 1 

1414 

91*4 

Alvarez 


Dunham. 

127 0 

810 

• 

t 

Symmonds. 

127 3 

843 

126 9 

84*1 

Age 50-^9 years 



157*3 

961 

Alvarez. 

1441 

... 

Symmonds. 

1312 

865 

1321 

87*3 

Age 60 Years and over. 





Dunham. 

134*1 

83*0 

. 

• 

Symmonds 

1312 

866 

135 5 

89*8 

An ages. 



1376 


Alvarez. 

134*7 

9 9 

898 

Dunham. 

125 0 

781 

• 9 


Symmonds. 1 

125 3 

821 

122 8 

80*5 

Halls Dally. 

127 0 1 

840 

123*0 

81*0 







Table IV 

Comparison of sysioixc blood pressure and weight 
Age group 5 to 19 years (males). 


93 



104 



















Compansofi ofdtastohc pressure and weight ( Age 5 to 19 years . ) Mcdes. 



0-65391 057021 05733 0-8961 I 0-9391 0-9084 09202 1528 1-071 3147 1 03311 






















Table VL 

Companaon cj pulse pressure and wetgM of boys ( age beivpeen 5 and 19 years . ) 
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Table No VIL 

Table shomng the relatum q/Uood pressure to body 
Wight of different authors. 


Body welglit 
in Iba. 

^yttoUc prcMore. 1 

DiaatoUc pitature. 

Pulae preMura. 

MlchaeL 

American. 

CadburyJ 

Chhwae. 

Indian 

Cadbury 

Chlneae. 

Indian. 

Cadbury 

Chlneae. 

Indian 

20-30 


60 


30 


30 

• 

30-40 

1 

95 

81 


51 

• • 

29 


40-€0 

100 

83 

871 

61 

56-9 

32 

327 

50-60 

107 

87 

9129 

65 

5936 

32 

32 16 

60-70 

112 

94 

95-16 

GO 

62 96 

34 

342 

70-60 

116 

96 

977 

59 

6457 

37 

34-5 

80-60 


100 

105-59 

60 

66-97 

40 

394)6 

90-100 

126 

101 

1051 

63 

677 


36-9 

100-110 

• 

104 

11026 

64 

7147 

M 

37-84 

110-120 


106 

m22 

65 

69 51 

41 

38-67 

120-130 

• 

106 

11172 

66 

722 

41 

42-6 

130-140 

• 


114-50 



• 

422 


Table VIII. 

Comparison of body height and blood pressure (JIfales). 


Height. 

No. 

exa- 

mined. 

Systolic pres- 
sore 

Diastolic pres- 
sure. 

Pulse pres- 
sure. 



Mms. 

Mzns. 

Mms. 

3 '-6" to 4'-0" 

98 

85*3±0*5384 

52‘7±0-6657 

32-7±0-6132 

4'-4" to 4'-6« 

255 

88-3±0*4592 

60'3±0-6422 

32-2±0-4145 

4W' to 5'-0" 

102 

g7-9±0*7964 

66*1 ±0-5829 

34-6±0-5599 

5'-0"to5'-4« 

135 

108-6±0*589g 

71-6±tK335 

39-6± 0-4096 

5'-6« to 5'-9" 

33 

1124±1'024 

72-3±0-7930 

39-9±0-9494 





























»LOOD PttBSSDtlS OF INDIANS IN BOMBAY 


97 


Table VIII a 

ComtitftsoH of blood preaaurt and body American 

children ( Mtchadi ), mth Indian Children examined 
during the course c/ fheprteent enquiry 


Height. 

Systolic pressure. 

American Children 

Indian Children 

y-b" to 4'-0" 

99 Mms. of Hg 

85 3 Mms. 

4'-(/' to 4'-3" 

109 

87 5 

4'-3" to 4'-6" 

112 

931 .. 

4'-6”to4'-9" 

118 

94-3 „ 

4'-9« to S'-O" 

120 

100-3 „ 

5 foot and over* 

1 

125 

1080 „ 


Table IX. 

Con^nion of bated blood pressure and blood Preuun during 
working hours [Males 52. Ages 2(h28) 



Basal blood pres- 
sure. 

Evenioa. 

Difference 

Systolic premre 

103 S3± 4867Mina 

110-«4±1361Mms. 

7U±l-446 Mms. 

UMKOnC fe 

70-0 ± 4638 „ 

725 ± 7723 » 

26 ±0-8984 » 


[Females— 35. Ages 19—24) 



Basal Uood pres- 
sure 

Evening 

Differoioe. 

Systolic. 

9544±l-062 Mms. 

104«±0473SMniS. 

921±1154Mms 

DiastoUe. 

6549±0-9401 » 

TOO ±04»42Miiis. 

5-61±1061 . 


Tho basal blood pnssnre was taken lo the morniog after rest 
during the previoos night and before the subjects had got up and stirred 
out of bed. llw evening blood pressure was taken between 4 p. m. 
and 5 p. m. on the sameday and where it was not poealUe it was 
ngmau^ between 4p.tn.and5p.ffl.tbe next day 

M 
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Table Na X. 


Blood pnssure of Htndua, Chndtaiu and Panu (moIm). 
5 to 19 yean 



Hindus. 

Christians. 

Pftrsis. 

No. exammed. 

391 

100 

100. 

Systolic pressure. 

Mms. 
93-4±0 3411 



! 

Diastohc ,1 1 

56-1 ±0-6176 

66-5±0-4955 

71 0±0-4545 

Polaa „ 

33-48±0 2945 


364±0-5811 


Table Na XL 

Blood presiure of Slahomedan students {ofltmad Collegs, Aadheri^ 
and Hindu students {of the Seth OSJSS. Ctdlege, Bombay). 
20-29 (Males). 


No. examined. 

Mabomodano, 

1 28 

Hiodns. 

47 

Systolic pressoie. 

113-4 Mms. of Mg. 

113-0 Mms. 

Diastolic )• 

78-3 „ „ 

74-5 „ 

Pulse ,1 

35 1 n n 

395 „ 


Table XII. 

Comparison of blood Pressure of vegetanans and nonn^egskanans 
(males) Mumeipal clenoal rdaff ( 10-50 yean ). 


No. examined. 

Vegetarians 

46 

Non-vegetariaas. 

35 

Average systolic pressure. 

ll2-0±l-32Mm8^ 

120-0± 1-049 Mms. 

II diastdie n 

78-4± 0 3214 „ 

76-2±0-6116 N 

•. poise » 

48-8±0-3214 „ 

46H)±0-9572 n 
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Table XIII. 

Comfinruon qf blood prustm qf otonool and Mouf alaff. 
(M 8 le B.) 


Nacatnotaed. 

1 Age 20 to 29 yetfii 

Age 30 to 39 yean. 


|22j3r2iB 

rose 

27 

Labour atafl 

29 

HH 

Mmi 

1141±0'6717 

Mma 

111-82±1>023 

1 Mm. 

120<79±1^ 

Afina, 

113-47±l-477 


73<26±0-6830 



78-7«±(MB93 

Pidw 

4432±(M665 

38-16±l-8Zl 

43 <7 ±1048 

37-gS±04flg6 


Table XIV. 

Blood pressure tn Artertosderosu. 


Age. 

No. 

examined. 

Average systolic 
pressure. 

Average 

diastolic. 

10 to 14 Yrs. 

15 

103*0 

64*0 

15 to 19 H 

19 

1240 

72*0 

20 to 24 n 

3 

125*0 

77*0 

25 to 29 „ 

1 

120*0 

76*0 

30 to 34 

6 

112*0 

77*0 

35 to 39 

3 

118*0 

79*0 

40 to 49 „ 

1 

115*0 

81*0 

50 to 59 „ 

• • 

e • 

*.• 

60 to 69 .. 

1 

130*0 

740 




Arterioaelarosis in children. 

Commonity. 

No. examined. 

Na of arteriosoelerotic 
subjects. 

Hiados 

520 

28 

Christiaas 

100 

6 

Panb 

100 

2 
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Table XV. 

Coit^aHaoti (ffoMragt Naod prttmn S ^n2m mM tf&trkhoH 
and Hindu nuraes. ( Age betumn 18 add 51 yn . ) MajitrUr Z0-d5 yn. 


Caste. 

Na examined. 

SystoUc 

pressore. 

Diastolic 

prossnrOa 

Ptdaente. 

Chnstian. 

74 

109-2 

79-3 

83-1 

Hioda. 

33 

111-78 

79-04 

87-7 


T/Ajlb XVt. 

Pnim rate of men ( voriing hmtre . ) 


Age. 

StoSyiB. 

10 to 19 yn« 

20 to 29 yn 

30 to39yra. 

40to49yia, 

Nd. 

•aaminsde 

116 

391 

87 

28 

19 

Pulse nte 

86-5^0-3711 

II2SSI 

74-60db(M169 

77±D4816 

nmm 


Table XVIL 


Pregneney dettrebutton (i/ty$tet$o Uoodpretmtfe of Nunu 
{between 19 and 29 yean). 



Number 

Chnstiam^ Indian 
Chnstiaiv Anglo- 
lodtans. 

Hindos. 

90-99 Mins. 

3 

S 

see 

100-109 Mms. 

31 


11 

110-119 , 

24 

17 

7 

120-129 „ 

6 

5 

9 

130-139 M 

3 

2 

1 

140-149 H 

1 


b«B 


7t 

49 

22 
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Table XVIII. 

Rangfia tf vartation <\f blood pressure m yumg adults ( ZO-29). 




Wanen 

Men 



Basal 

Working 

hoora 

Basal 

Working 

boms 

Systolic. 1 

Max. 

Minm. 

120 

79 

127 Mms. 
87 

122 Mms. 
85 

134 Mms. 
90 .. 

Diastolic. 1 

MaxiD. 

Minm. 

87 

53 

86 .. 

54 .. 

84 „ 

58 „ 

84 

64 


Table XIX. 

Blood pressure and weight in men ofugs between 25-40 years 
( liuniaped Beris) 


Weight in lbs. 

Na examined 

Systolic pres- 
sure 

Diastolic pres- 
Bore 

95-99 Iba. 

4 

107*5 Mms. 

69*35 Mms. 

100-109 » 

7 

116*7 

73*85 „ 

110-119 „ 

11 

112*45 

74*72 H 

120-129 M 

13 

113*3 „ 

70*4 , 

130-139 „ 

10 

120*1 

76*3 » 

140-149 „ 

8 

121*0 „ 

80*8 N 

150-159 rt 

7 

123*7 „ 

82*57 „ 


Table 

XX. 


Blood pressure and height in men ofagfi between 25-45 years 


( Munioipal cUrka ). 


Height in inches. 

Namber exa- 
mined. 

r— — 

Systohc pres- 
sure. 

Diastolic pres- 
sure. 

- 

55-59 

1 

105 Mms. of Hg. 

74 Mms. 

60-62 

9 

1187 M 

74 „ 

63-65 

24 

114*7 H 

75*3 » 

66-68 

23 

114*3 „ 

70*43., 

e»-7i 

5 

124 

83 .. 























Reviews 


PradtotA Anatomy by Six Teachers, edited Iqr E. P. Stibbb, 

F. R. C. S (Edward Arnold & Co.) London, 1932, 30a. net 

This book is a nsefnl addition to the cnrrent text-books on Practi- 
cal Anatomy, and is designed specially to meet the requirements of 
atndents working for M. D. B. S. examinations in this snbject. As 
stated in the Preface, it is intended to replace the Practical Anatomy 
of Professors Parsons and Wnght, who have generonsly permitted 
every nse to be made of their original text and illnstiations. The six 
teachers, who have contributed different sections, ate Professor W 
Wright of the London Hospital Medical School ( The Abdomen and 
Pelvis ), Professor T. Yeates of the Middlesex Hospital Medical School 
(The Thorax), Professor J S. B. Stopford of the Umversity of 
Manchester ( The Central Nervons System), Professor S. E. Whitnall 
of the McGill University, Montreal (The Orbit, Eye, and Ear), 
Professor Mary F. Lucas Keene d the London School of Medicine for 
Women ( the Head and Neck ), and Mr. E. P. Stibbe of the London 
Hospital Medical School (The Limbs). The hmts regarding the dis- 
section ate concise and pracbcaL In studying eadi part, the mstmctions 
ate to study the Skeleton first, then the surface markings and finally 
dissections. This is how it should be. The Skm incisions, and sub- 
sequent steps in the dissection are clearly put, and described b their 
logical sequence, and well illustrated by numerous diagrams ( an im- 
portant feature of the book ) It must prove a difficult task for any 
author to judge as to how much theoretical descriptions of parts should 
be included m a practical handbook sncb as tfaia Thu difficulty is 
successfoliy overcome, for the book is the outcome of mature teaching 
experience of a number of dutinguuhed anatonusts, and the students 
will find it a real aid in the Dissection-Room. 

S. L. Bhatia 


Text Book q/ Pathology. By Robert Muir, F. R. S., Third Edition. 
(Edward Arnold ft Ca) Londoi^ 1933, 35s. net 

The third editm of the Text Book of Pathology by P rofessor 
Robert Mnir has been published four years after its prsdeosssor. It was 
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first pablished in 1924 and reprinted in 1924, 1926 and 1927 ; tto 
second edition came oat in 1929« and reprints again in 1930 and 1932. 
This speaks volumes regarding its immense popularity os a guide to the 
students of Pathology. In the new edition the general plan remains the 
same, but ntuneroos additions have been made, bringing the subject 
matter up-to-date. This book has a scientific and practical outlook and 
caters specially for the requirements of the student of medicine. Stress 
has been laid throughout on the fact that disease processes are dis- 
turbances of function and structure. It deals specially with the anatomi- 
cal ( gross and microscopic ) aspect of Pathological processes, although 
the biochemical aspect is not ignored, but the student must supplement 
this by reference to other bodes. The same applies to the Pathology of 
Tropical Disease. I'he book contains sound teaching and maintains a 
good balance, and the student will turn to it with delight to acquire the 
fundamentals of the science of Pathology. 

S. L. Bhatxa 


An Ouihne Immumiy. By W. W. C. Topley, (Arnold & Co,) 

London, 1933 

We undertook the review of this book with the same apprehen- 
sion that the author expresses about his writing a new text-book on 
Immunology. A text-book it looks, indeed, in title and size ; but even 
a superficial inspection of the contents suggests it to bo something 
better. To attempt to write at this stage of that science is daring 
enough ; and it was for this reason that the volume attracted our atten- 
tion. On the other hand, we sometimes have wasted so much time, 
when we have been '' caught ” by pretentious monographs which are 
merely chapters of text-books, that a feeling, at the commencement, of 
distrust towards a book openly called an * Outline ' was exphcable. 
However, the reading of the first few pages gave us at once that 
pleasant feeling of being in the company of a master. The book is very 
cleverly written. A man just initiated in the knowledge of immunity 
may think that it contains nothing new. But the fact is that much more 
than the outhned phenomena is given by the scientific arrangement of 
the matter , and both m the selection and elimination of the material, 
in the correlation of the facts and in the very onginal and illuminating 
remarks, the personoLty of the author, oversbadowiug solutions, is 
manifest enoo^. 

Right at the outset, for instance, he says (p. 3) "Another 
important change that the immunologist makes m the cibiical and 
epidemiological picture is in regard to the character and extent of the 
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usodation batwMn any given panaito and the boat qiacies that it 
infecto. He findi that the real range of interaction indndee etatea of 
eqailibriam in which the host shows no overt signs of ihsease. Whether 
we call all these conditions latent Infectionst or refer to many of the 
hosts as healthy earners, matters little." As pertinent to similar 
ideas devekgwd m that chapter, I may mention the tendency to 
generalize parallelisms and relatxmsbps, where perhaps only local 
phenoauna with peculiar conditions are mvdved. Wshsterand CIo« 
( J. Exp. Med. 58, 465, 1933 ) have shown that m the case of the 
intrapentoneal vimlenoe of the pnemnooocena m mice, a lugh peritonsal 
patbogemdty may be, and often is, accompanied fay on almost total 
lack of nasal infectivity. There may be poralleliam between nasal 
virulence and the tendency of the pneumococcus to set up carrier 
oonditiODS, but usually there is lack of parallelism witii virulence as 
determined by the intraperitonsal method, used as the test of in- 
fectlvlty 

Even in the descriptive portions, the author manages to insert a 
stunnlatmg remark, as when speaking of snaceptibility to diphtheria, 
he asks ( p. 280 ) . ” Is a pomt reached m natural immunization at 
which a person resists carrier infection in the chnical sense? Can we 
grade our Schick'Unmnnes os we grade our Schick snsoeptiblea, putting 
at the lower end of the scale those who have just attamed to the 
Schick level of unmnnity and at the upper end of the scale those who 
ore so resistant that virulent diphtheria bacilli are unable to gam 
lodgement m their throats ? ” 

Sometunes we find the author, we would not say cantioaa to the 
extreme, because great caution is necessary m the treatment of this sub* 
ject, but less favourably disposed to accept results which have as good 
a claim for acceptance as many others which have been allowed to pass 
without a remark. He says (p. 146). "Whether the presence of specific 
sonaitizmg antibodies affords an effective resistance against the ooctes* 
ponding bactenum we do not know. We should dearly expect that 
an individual poesessing an antibody acting on the surface antigen of a 
partiffllar bacterial parasite would be more reeistaot to this organism 
than another individual from whose blood this antibody was absent" 
We think that the evidence afforded by the work of SefM>CbfisM^ 
ltob 0 fttoti and S$a, Bull abd McKm specially with the conntar* 
prod of the absorption test cannot on the whole be called " scanty." 

Proceeduig farther when the author makes a brkf mention of tiis 
transmissible lybc agents, we slightly disagree with his method of 
taddmg the subject. Too modi emphasis is given to the actmd tests 
of the therapeude action in vtve, when he oondndes fimt die pcospecls 
of an inquiry m tiiat direction seem hardly bopefoL The sobjeot of 
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the Bacteriophage has suffered from the very begumingi from a 
sort of recklessness, speculation and impatience for results, vrbich were 
the peculiar charactenstics of its worthy champion D’Herrllb. 
The prospects of the enquiry, I am persuaded, would be more hopeful 
if attention was paid to the pure knowledge (tf its nature. Then — and 
the colloidal theories mentioned by the author ( p. 376 ) will 
support my contention — we could gam a better control over its 
behaviour. 

llie author can hardly be blamed if the chapter on a subject in a 
formative stage and with such a cumbrous hterature and so much 
experimental evidence as anaphylaxis, hyper-sensitiveness and allergy 
gives the impression of a less digested treatment It is, all the same, a 
clear source of information. 

Used as we are, while reading the book, to the apt comments and 
the appropriate analysis of many real problems, we are sometimes 
somewhat disappointed in not finding the author clearly expressing 
himself on certain matters which we, personally, would have liked to 
find more fully discussed. For example, the negative phase in the 
response to antigen injection ( pp 171-177 )• 

It may appear that, through fear or through anxiety to be fair, m 
several cases, no attempt at co-ordination has been made And yet 
the fact often observed in our sciences is that without abandoning our 
theories, we can still defend our particular tenets by carefully combining 
the established facts with probable occurrences. Leaving out Ehrlich, 
the past master not only m illuminating the way to many difficult 
problems, but also in cleverly and almost humorously conjuring 
up a host of convenient fluid or solid entities with determined 
function to perform, we find ourselves in our more scared age, resorting 
also to clever dodgings and laborious straining of our scientific con- 
quests in order to explam several phenomena which come to mar our 
short-lived enthusiasm for a newly formed theory Talking of only a 
minor pomt, one instance among many which may be cited is the 
manner in which we explam away the age fluctuation observed m skm- 
sensibihty towards diphtheria toxin. 

In the present condition and outlook of this science, which 
has to deal with subtle and complex phenomena of what we may 
call overactivated physiology and impalpable biochemistry, it is not 
unscientific to ofifer facts arranged m the light of a theory, provided 
that the objections which arise fnmi farther investigation are not 
distorted to smt any convenient solution. An independent thinker, 
Mr. Topley to my judgment, is fair m his treatment and sharp 
in his analysis of all but perhaps some very minor points. 

N 
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The author is very modest in his claim that the book is a mere 
Outline inteoded mainly for medical students. It is more than that ' 
and even specialists! besides the real pleasure which thoy will experience 
in reading the book, will find much food for thought. 

G. Palacios 


Human Hmhr^lag^ and Moridtology By Sir Arthur Keith 

M D.| F.R S. Fifth edition. ( Edward Arnold & Co .) London. 

1933! 32s. 6d 

The latest edition of Sir Arthur Keith's Human Embryology and 
Morphology has an individuality all its own. The author who is our 
one of the foremost authorities on evolution has discussed the 
embryology and comparative anatomy as revealers of the mechanism of 
Evolution. 

Every stage has been traced in the embryo which marks a new 
adaptive phase to the varying environment that confronts it and as far 
as possible the corresponding parallel from phylogeny is sunnltaneously 
depicted. This method of studying the ontogeny and phylogeny has 
enormous advantages in the advancement of further research into 
many obscure problems in physiology and pathology and to that extent 
this book serves as a valuable guide to workers in these branches of 
medical science. The Experimental Embryology with the aid of the 
advancing methods of Tissue Culture technique is another hopeful 
avenue through which the luter-rekitLon between the various organs of 
the embryo can be studied as regards their position, growth and 
functions The Chemical Embryology and, particularly, the work of 
Prof. C M Child on metabolic gradients which have not been given 
enough space in this book are the methods which may ultimately yield 
results not to be despised by the student of evolution 

Finally, the mechanism of the chromosomes and of the genes that 
are responsible for the transmission of various traits of the parents into 
their offspnng require a good deal of attention than that received at the 
liands of the author, if the medical student for whom the present book 
is intended, is to realise the prospects offered by this branch of science 
ID deanr^ up many problems of normal and abnormal heredity. 
The marvellous work of T H. Morgan on the genes of the Drosophila 
must serve as a stimulus for similar work on higher antmala on 
account of the tissue culture methods. 

As one goes through the work one gats the impression that the 
evidence afforded by comparative anatomy is rather unequally distribu- 
ted among the vanous systems. The circalatory« digestive and visual 
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systems especially do not get their adequate share. On the other 
hand, the skeletal and the locomotor systems, the face, the pharynx 
and the teeth have been very fully and excellently dealt with On 
the whole, one can detect more or less a distinct, though unconscious, 
surgical bias in the stress put on the aspects, normal and abnormal, of 
embryology. The author seems to be too much apprehensive about the 
bulk of the book getting out of control , but one does not agree on this 
point with the author, for in the incomplete state of our knowledge in 
this branch, its treatment from different points of view, which is the 
speciality of this book, cannot be too sufficiently dealt with. 

The value of this book is enhanced by useful notes appended at 
the end of every chapter and the liberal use mode of illustrations 
which enable the student to grasp the phases of development more 
easily and accurately than from mere descriptions. 

One specially realises the usefulness of this book for the medical 
colleges in India, particularly m this presidency, where comparative 
anatomy or zoology is not studied or taught m the department of 
anatomy. The book will prove an asset to the students who for want 
of actual firsthand knowledge are confused when confronted with the 
study of embryology 

D. B. S. 
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